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DISTRICT OF COLUMBIA PAIN-CAPABLE
UNBORN CHILD PROTECTION ACT

THURSDAY, MAY 17, 2012

HOUSE OF REPRESENTATIVES,
SUBCOMMITTEE ON THE CONSTITUTION,
COMMITTEE ON THE JUDICIARY,
Washington, DC.

The Subcommittee met, pursuant to call, at 4:06 p.m., in room
2141, Rayburn House Office Building, the Honorable Trent Franks
(Chairman of the Subcommittee) presiding.

Present: Representatives Franks, Chabot, King, Nadler, Scott
and Quigley.

Staff Present: (Majority) Paul Taylor, Subcommittee Chief Coun-
sel; Jacki Pick, Counsel; Sarah Vance, Clerk; (Minority) David
Lachmann, Subcommittee Staff Director; and Veronica Eligan, Pro-
fessional Staff Member.

Mr. FRANKS. This hearing will come to order. Thank you all for
being here today. We especially appreciate our witnesses here. And
without objection, the Chair is authorized to declare a recess of the
Committee at any time. And again, we welcome you all here.

And I recognize myself now for 5 minutes for an opening state-
ment.

The gruesome late-term abortions of unborn children who can
feel pain is, in my opinion, the greatest human rights atrocity in
the United States today. Today’s hearing examines H.R. 3803, the
District of Columbia Pain-Capable Unborn Child Protection Act.
This bipartisan measure has greater than 190 sponsors in the
House of Representatives, and it protects unborn children who can
feel pain from being subjected to inhumane, torturous late-term
abortions.

Medical science regarding the development of unborn babies and
their capacities at various stages of growth has advanced very dra-
matically, demonstrating clearly that unborn children indeed expe-
rience pain. The biggest single hurdle to legislation like H.R. 3803
is that opponents deny unborn babies feel pain at all, as if some-
how the ability to feel pain magically develops instantaneously as
the child passes through the birth canal.

This level of understanding might be excused in earlier eras of
human history, but the evidence available to us today is extensive
and irrefutable. Unborn children have the capacity to experience
pain at least by 20 weeks, and very likely substantially earlier.

I will now enter into the record a 29-page summary of the dozens
of studies worldwide confirming that unborn children feel pain by
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at least 20 weeks postfertilization. This information is available at
www.doctorsonfetalpain.org. That is www.doctorsonfetalpain.org.
And I recommend that all committee members, their staff, and
members of the press review this site to get the most current evi-
dence on unborn pain, rather than to have their understanding ce-
mented in an earlier time when scientists still believed in sponta-
neous generation and that the Earth was flat.
[The information referred to follows:]

Fetal Pain: The Evidence

The eleven points below summarize the substantial
medical and scientific evidence that unborn children can feel
pain by 20 weeks after fertilization.

www.doctorsonfetalpain.org

posted March 14, 2011

1: Pain receptors (nociceptors) are present throughout the unborn child’s entire body by
no later than 20 weeks after fertilization and nerves link these receptors to the brain’s
thalamus and subcortical plate by no later than 20 weeks.

DOCUMENTATION:

a. Pain receptors (nociceptors) are present throughout the unborn child’s entire
body by no later than 20 weeks.

1. Myers, 2004, p.241, para.2, “The first essential requirement for nociception is the
presence of sensory receptors, which first develop in the perioral area at approximately 7
weeks gestation and are diffusely located throughout the body by 14 weeks.””

Myers LB, Bulich LA, Hess, P, Miller, NM. Fetal endoscopic surgery: indications and
anaesthetic management. Best Practice & Research Clinical Anaesihesiology. 18:2
(2004) 231-258.

»Smith S. Commission of Inquiry into Fetal Senticnce. London: CARE, 1996.

2. Derbyshire, 2010, p.7, para.2, “For the foetus, an existence of ‘pain’ rests upon the
existence of a stimulus that poses a threat to tissue, being detected by a nervous system
capable of preferentially responding to stimuli that pose a threat to tissue. The entire
experience is completely bounded by the limits of the sensory system and the relationship
between that system and the stimulus. If pain is conceived of in this manner then it
becomes possible to talk of foetal pain anytime between 10 and 17 weeks GA [gestational
age] when nociceptors develop and mature, and there is evidence of behavioural
responses to touch.”

Note: Derbyshire’s other published works indicate that he believes pain requires
subjective human experience, not possible until after birth; nonetheless, he acknowledges
this finding.

Derbyshire SW, Foetal pain? Best Practice & Research Clinical Obstetrics and
Gynaecology 24:5 (2010) 647-655.
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Anand, 1987, p.2, para.2, “Cutaneous sensory receptors appear in the perioral area of the
human fetus in the 7th week of gestation; they spread to the rest of the face, the palms of
the hands, and the soles of the feet by the 11th week, to the trunk and proximal parts of
the arg}g 6and legs by the 15th week, and to all cutaneous and mucous surfaces by the 20th
week.

Anand KIS, Hickey PR. Pain and its effects in the human neonate and fetus. New
FEngland Journal of Medicine. 317:21 (1987) 1321-1329.

“Humphrey T. Some correlations between the appearance of human fetal reflexes and
the development of the nervous system. Progress in Brain Research. 4 (1964) 93-135.

*Valnaan HB, Pearson JP. What the fetus feels. British Medical Journal. 280 (1980)
233-234.

Vanhatalo, 2000, p.146, col 2, para.2, “First nociceptors appear around the mouth as
early as the seventh gestational week; by the 20th week these are present all over the
body.”

Vanhalto S, van Nieuwenhuizen O. Fetal Pain? Brain & Development. 22 (2000) 145-
150.

Brusseau, 2008, p.14, para.3, “The first essential requirement for nociception is the
presence of sensory receptors, which develop first in the perioral area at around 7 weeks
gestation. From here, they develop in the rest of the face and in the palmar surfaces of
the hands and soles of the feet from 11 weeks. By 20 weeks, they are present throughout
all of the skin and mucosal surfaces."

Brusscau R. Developmental Perpectives: is the Fetus Conscious? fnrernational
Anesthesiology Clinics. 46:3 (2008) 11-23.

"Simons SH, Tibbocl D. Pain perception development and maturation, Sesminars on
letal and Neonatal Medicine. 11 (2006) 227-231.

nerves link these receptors to the brain’s thalamus and subcortical plate by no later
than 20 weeks.

Van Scheltema 2008, p.313, para.1 — “The connection between the spinal cord and the
thalamus (an obligatory station through which nearly all sensory information must pass
before reaching the cortex) starts to develop from 14 weeks onwards and is finished at 20
weeks.”

Van Scheltema PNA, Bakker S, Vandenbussche FPHA, Oepkes, D. Fetal Pain. Fetal and
Maternal Medicine Review. 19:4 (2008) 311-324.



Glover, 1999, p.882, col.1, para.1, “Most incoming pathways, including nociceptive
ones, are routed through the thalamus and, as stated above, penetrates the subplate zone
from about 17 weeks... These monoamine fibres start to invade the subplate zone at 13
weeks and reach the cortex at about 16 weeks. This puts an early limit on when it is likely
that the fetus might be aware of anything that is going on in its body or elsewhere.”

Glover V. Fetal pain: implications for research and practice. British Journal of Obstetrics
and Gynaecology. 106 (1999) 881-886.

Lee, 2005, p.950, col.1, “In contrast to direct thalamocortical fibers, which are not visible
until almost the third trimester, thalamic afferents begin to reach the somatosensory
subplate at 18 weeks’ developmental age (20 weeks® gestational age)'® and the visual
subplate at 20 to 22 weeks’ gestational age. These afferents appear morphologically
mature enough to synapse with subplate neurons.'””

Note: Lee et al. believe that pain requires conscious cortical processing, which they deem
unlikely until 29 or 30 weeks; nonetheless, they acknowledges this finding.

Lee SJ, Ralston HIP, Drey EA, Partridge. JC, Rosen, MA. A Systematic
Multidisciplinary Review of the Evidence. Journal of the American Medical Association.
294:8 (2005) 947-954.

“Kostovic I, Rakic P. Devclopmental history of the transicnt subplate zone in the visual
and somatoscnsory cortex of the macaquc monkey and human brain. Journal of
Comparative Neurology. 297 (1990) 441470,

"Hevner RF. Devclopment of connections in the human visual system during fotal mid-
gestation: a Diltracing study. Journal of Iixperiemental Neuropathology & Fxperimental
Neurology. 59 (2000) 385-392.

Gupta, 2008, p.74, col .2, para.1, “ Peripheral nerve receptors develop between 7 and 20
weeks gestation. .. Spinothalamic fibres (responsible for transmission of pain) develop
between 16 and 20 weeks gestation, and thalamocortical fibres between 17 and 24 weeks
gestation.”

Gupta R, Kilby M, Cooper G. Fetal surgery and anacsthetic implications. Continuing
Education in Anaesthesia, Critical Care & Pain. 8.2 (2008) 71-75.

w



2: By 8 weeks after fertilization, the unborn child reacts to touch. After 20 weeks, the
unborn child reacts to stimuli that would be recognized as painful if applied to an adult
human, for example by recoiling.

DOCUMENTATION:
a. By 8 weeks after fertilization, the unborn child reacts to touch.

1. Gupta, 2008, p.74, col .2, para.2, “Movement of the fetus in response to external stimuli
oceurs as carly as 8 weeks gestation...”

Gupta R, Kilby M, Cooper G. Fetal surgery and anaesthetic implications. Continuing
Education in Anaesthesia, Critical Care & Pain. 8:2 (2008) 71-75.

2. Glover, 2004, p.36, para.4, “The fetus starts to make movements in response to being
touched from eight weeks, and more complex movements build up, as detected by real
time ultrasound, over the next few weeks.”

Glover V. The fetus may fecl pain from 20 weeks; The Fetal Pain Controversy.
Conscience. 25:3 (2004) 35-37.

3. Myers 2004, p.241, para.6, “A motor response can first be seen as a whole body
movement away from a stimulus and observed on ultrasound from as early as 7.5 weeks’
gestational age. The perioral area is the first part of the body to respond to touch at
approximately 8 weeks, but by 14 weeks most of the body is responsive to touch.”

Myecrs LB, Bulich LA, Hess, P, Miller, NM. Fetal endoscopic surgery: indications and
anacsthetic management. Best Practice & Research Clinical Anaesihesiology. 18:2
(2004) 231-258.

4. Derbyshire, 2008, p. 119, col.2, para.4, “Responses to touch begin at 7-8 weeks gestation
when touching the peri-oral region results in a contralateral bending of the head. The
palms of the hands become sensitive to stroking at 10-11 weeks gestation and the rest of
the body becomes sensitive around 13-14 weeks gestation ™

Note: Derhyshire’s other published works indicate that he believes pain requires
subjective human experience, not possible until afier birth, nonetheless, he acknowledges
this finding.

Derbyshire SW. Fetal Pain: Do We Know Enough to Do the Right Thing? Reproductive
Health Matrers. 16: 31Supp. (2008) 117-126.

“Fitzgerald M. Neurobiology of fetal and necnatalpain. In:Wall P, Melzack R, editors.
Textbook of Pain. Oxford Churchill Livingstone, 1994, p.1533-63,

b. After 20 weeks, the unborn child reacts to stimuli that would be recognized as painful if
applied to an adult human, for example by recoiling.
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Gupta, 2008, p. p.74, col 2, para.2, “Behavioural responses... Response to painful
stimuli occurs from 22 weeks gestation [= 20 weeks post-fertilization].”

Gupta R, Kilby M, Cooper G. Fetal surgery and anacsthetic implications. Continuing
Education in Anaesthesia, Critical Care & Pain. 8.2 (2008) 71-75.

Giannakoulopoulos, 1994, p.77, col.2, para.3, “We have observed that the fetus reacts to
intrahepatic vein needling with vigorous body and breathing movements, which are not
present during placental cord insertion needling."

Giannakoulopoulos X, Scpulveda W, Kourtis P, Glover V, Fisk NM. Fetal plasma
cortisol and B-endorphin response to intrauterine needling. Lancet. 344 (1994) 77-81.

Lowery, 2007, p.276, col 2, paral, “Fetuses undergoing intrauterine invasive procedures,
definitely illustrative of pain signaling, were reported to show coordinated responses
signaling the avoidance of tissue injury.'™

Lowery CL, Hardman MP, Manning N, Clancy B, Hall RW, Anand KJS.
Neurodevelopmental Changes of Fetal Pain. Seminars in Pernatology. 31 (2007) 275-
282,

“Williams C. Framing the fetus in medical work: rituals and practices. Social Science &
Medicine. 60 (2005) 2085-2095.

Mellor, 2005, p.457, col.1, para.2, “For instance, the human fetus responds to
intrahepatic needling (versus umbilical cord sampling) by moving away and with an
increase in the levels of circulating stress hormones. . .7%7274+7
Note: Mellor et al. believe that the unborn child is kept “asleep’ i utero, and therefore
does not perceive pain, nonetheless, they recognize this finding.

Mellor DJ, Diesch TJ, Gunn AJ, Bennet L. The importance of “awareness’ for
understanding fotal pain. Brain Research Reviews. 49 (2005) 455-471.

"' Giannakoulopoulos X, Scpulveda W, Kourtis P, Glover V, Fisk NM. Fetal plasma
cortisol and f-endorphin response to intrauterine needling. Lancet. 344 (1994) 77-81.

73Giannakoulopoulos X, Teixeira J, Fisk N. Human fetal and maternal noradrenaline
responses to invasive procedures. Pediatric Research. 45 (1999) 494-499,

MGitau R, Fisk NM, Teixeira M, Cameron A, Glover V. Fetal hypothalamic—pituitary—
adrenal stress responses to invasive procedures are independent of maternal responses.
Journal of Clinical Endocrinology and Metabolism. 86 (2001) 104-109.

"Gitau R, Fisk NM, Glover V. Human fotal and maternal corticotraphin reloascing
hormone responses to acutce stress. Archives of Disease in Childhood - Fetal Neonatal
Edition. 89 (2004) F29-F32.



3: In the unborn child, application of such painful stimuli is associated with significant
increases in stress hormones known as the stress response.

DOCUMENTATION:

1.

Tran, 2010, p.44, col .1, para.7, “Invasive fetal procedures clearly elicit a stress
response...”

Tran, KM. Ancsthesia for fetal surgery. Seminars in Feial & Neonatal Medicine. 15
(2010) 40-45.

Myers, 2004, p.242, para.2, “Human fetal endocrine responses to stress have been
demonstrated from as early as 18 weeks® gestation. Giannakoulopoulos et al” first
demonstrated increases in fetal plasma concentrations of cortisol and B-endorphin in
response to prolonged needling of the intrahepatic vein (IHV) for intrauterine transfusion.
The magnitude of these stress responses directly correlated with the duration of the
procedure. Fetuses having the same procedure of transfusion, but via the non-innervated
placental cord insertion, failed to show these hormonal responses. Gitau et al'™ observed
arise in f-endorphin during intrahepatic transfusion from 18 weeks’ gestation, which was
seen throughout pregnancy independent both of gestation and the maternal response. The
fetal cortisol response, again independent of the mother’s, was observed from 20 weeks’
gestation '’ Fetal intravenous administration of the opioid receptor agonist, fentanyl,
ablated the B-endorphin response and partially ablated the cortisol response to the stress
of THV needling, suggesting an analgesic effect."”" A similar, but faster, response is seen
in fetal production of noradrenalin to IHV needling. This too is observed in fetuses as
early as 18 weeks, is independent to the maternal response and increases to some extent
with gestational age.loz Thus, from these studies one can conclude that the human fetal
hypothalamic— pituitary—adrenal axis is functionally mature enough to produce a 3-
endorphin response by 18 weeks and to produce cortisol and noradrenalin responses from
20 weeks” gestation.”

Myers LB, Bulich LA, Hess, P, Miller, NM. Fetal endoscopic surgery: indications and
anaesthetic management. Best Practice & Research Clinical Anaesthesiology. 18:2
(2004) 231-258.

» Giannakoulopoulos X, Sepulveda W, Kourtis P, Glover V, Fisk NM. Fotal plasma
cortisol and B-endorphin response to intrauterine needling. Lancet. 344 (1994) 77-81.

1% Gitau R, Fisk NM, Tcixcira JM, Camcron A, Glover V. Fetal hypothalamic—pituitary—

adrenal stress responscs to invasive procedures arc independent of matcrnal responscs.
Journal of Clinical Endocrinology and Metabolism. 86 (2001) 104-109.

'"'Fisk NM, Gitau R, Teixeira MD, Giannakoulopoulos, X, Cameron, AD, Glover VA,
Eftect of Direct Fetal Opioid Analgesia on Fetal Hormonal and Hemodynamic Stress
Responsc to Intrauterine Needling. Aresthesiology. 95 (2001) 828-835.
"“Giannakoulopoulos X, Teixeira J, Fisk N, Glover V. Human fetal and maternal
noradrenaline responses to invasive procedures. Pediarric Research. 45(1999) 494-499.



3. Derbyshire, June 2008, p.4, col.1, para.5, “Another stage of advancing neural
development takes place at 18 weeks, when it has been demonstrated that the fetus will
launch a hormonal stress response to direct noxious stimulation.”

Note: Derbyshire believes that pain requirves subjective human experience, not possible
until after birth; nonetheless. he acknowledges this finding.

Derbyshire SW. Fetal Pain: Do We Know Enough to Do the Right Thing? Reproductive
Heaith Matters. 16: 318upp. (2008) 117-126.

4. Gupta, 2008, p.74, col.2, para.3, “Fetal stress in response to painful stimuli is shown by
increased cortisol and B-endorphin concentrations, and vigorous movements and
breathing efforts.” There is no correlation between maternal and fetal norepinephrine
levels, suggesting a lack of placental transfer of norepinephrine. This independent stress
response in the fetus occurs from 18 weeks gestation.'”

Gupta R, Kilby M, Cooper G. Fetal surgery and anaesthetic implications. Continuing
Education in Anaesthesia, Critical Care & Pain. 8:2 (2008) 71-75.

"Boris P, Cox PBW, Gogarten W, Strumper D, Marcus MAE. Fetal surgery,
anaesthesiological considerations. Current Opinion in Anaesthesiology. 17 (2004) 235-
240.

9Giannakoulopoulos X, Teixeira J, Fisk N. Human fetal and maternal noradrenaline
responscs to invasive procedurcs. Pediatric Research. 45 (1999) 494-499,

""Marcus M, Gogarten W, Louwen F. Remifentanil for fotal intrautcring microcndoscopic
proccdurcs. Anesthesia & Analgesia. 88 (1999) S257.

5. Fisk, 2001, p.828, col 2, para.3, “Our group has shown that the human fetus from 18-20
weeks elaborates pituitary-adrenal, sympatho-adrenal, and circulatory stress responses to
physical insults.” p.834, col.2, para.2, “This study confirms that invasive procedures
produce stress responses...."

Fisk NM, Gitau R, Teixeira MD, Giannakoulopoulos, X, Cameron, AD, Glover VA,
Effect of Direct Fetal Opioid Analgesia on Fetal Hormonal and Hemodynamic Stress
Response to Intrauterine Needling. Anesthesiology. 95 (2001) 828-835.



4: Subjection to such painful stimuli is associated with long-term harmful
neurodevelopmental effects, such as altered pain sensitivity and, possibly, emotional,
behavioral, and learning disabilities later in life.

DOCUMENTATION:

1. Van de Velde, 2006, p.234, col.1, para.3, “It is becoming increasingly clear that
experiences of pain will be ‘remembered’ by the developing nervous system, perhaps for
the entire life of the individual ¥ These findings should focus the attention of
clinicians on the long-term impact of early painful experiences, and highlight the urgent
need for developing therapeutic strategies for the management of neonatal and fetal
pain.”

Van de Velde M, Jani J, De Buck F, Deprest J. Fetal pain perception and pain
management. Seminars in Fetal & Neonatal Medicine. 11 (2006) 232-236.

* Vanhalto S, van Nicuwenhuizen O. Fetal Pain? Brain & Development. 22 (2000) 145-
150.

* Anand KJS. Pain, plasticity, and premature birth: a preseription for pormanent
suffering? Nature Medicine. 6(2000) 971-973.

2. Vanhatalo, 2000, p.148, col .2, para.4, “All these data suggest that a repetitive, or sometimes
even strong acute pain experience is associated with long-term changes in a large number of
pain-related physiological functions, and pain or its concomitant stress increase the incidence
of later complications in neurological and/or psychological development.”

Note: Vanhalto & Niewenhuizen believe that pain requires cortical processing;
nevertheless, they acknowledge that, “noxious stimuli may have adverse effects on
the developing individual regardless of the quality or the level of processing in the
hrain...after the development of the spinal cord afferents around the gestational week
10, there may be no age limit at which one can be sure noxae are harmless.” (p. 149,
col. 1, para.2).

Vanhalto S, van Nicuwenhuizen O. Fetal Pain? Brain & Development. 22 (2000) 145-
150.

3. Gupta, 2008, p.74, col 2, para.3, “ There may be long-term implications of not providing
adequate fetal analgesia such as hyperalgesia, and possibly increased morbidity and
mortality.”

Gupta R, Kilby M, Cooper G. Fetal surgery and anaesthetic implications. Continuing
Fducation in Anaesthesia, Critical Care & Pain. 8:2 (2008) 71-75.

4. Lee, 2005, p.951, col.1, para.3, “When long-term fetal well-being is a central
consideration, evidence of fetal pain is unnecessary to justify fetal anaesthesia and
analgesia because they serve other purposes unrelated to pain reduction, including ... (3)
preventing hormonal stress responses associated with poor surgical outcomes in
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neonates’ "%, and (4) preventing possible adverse effects on long-term neurodevelopment

and behavioral responses to pain. ’

Note: Lee et al. helieve that pain requires conscious cortical processing. which they deem
unlikely until 29 or 30 weeks; nonetheless, they acknowledges this finding.

Lee SJ, Ralston HIP, Drey EA, Partridge, JC, Rosen, MA. A Systematic
Multidisciplinary Review of the Evidence. Journal of the American Medical Association.
294:8 (2005) 947954,

" Anand KJ, Hickey PR.Halothane-morphine compared with high-dose sufentanil for
anesthesia and postoperative analgesia in neonatal cardiac surgery. New England Journal
of Medicine. 326 (1992) 1-9.

" Anand KJ, Sippell WG, Aynsley-Green A. Randomiscd trial of fontany] anacsthesia in
preterm babies undergoing surgery: cffocts on the stress responsc. Lancet. 329 (1987) 62-
66.

"Johnston CC, Stevens BJ. Expericnce in a nconatal intensive carc unit affcets pain
responsc. Hediatrics. 98 (1996) 925-930.

"Taddio A, Katz J, llcrsich AL, Koren G. Effcct of nconatal circumeision on pain
responsc during subscquent routine vaccination. Lancer. 349 (1997) 599-603.

PTaylor A, Fisk NM, Glover V. Mode of delivery and subscquent stress response.
Lancet. 355 (2000) 120.
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S: For the purposes of surgery on unborn children, fetal anesthesia is routinely
administered and is associated with a decrease in stress hormones compared to their level
when painful stimuli are applied without such anesthesia.

DOCUMENTATION:

a. For the purposes of surgery on unborn children, fetal anesthesia is routinely
administered.

1. Van de Velde, 2005, p.256, col.2, para.2, “Therefore, it has been suggested that pain
relief has to be provided during in utero interventions on the fetus from mid-gestation (20
weeks) on.

2-34

Van de Velde M, Van Schoubroeck DV, Lewi LE, Marcus MAE, Jani JC, Missant C,
Teunkens A, Deprest J. Remifentanil for Fetal Immobilization and Maternal Sedation
During Fetoscopic Surgery: A Randomized, Double-Blind Comparison with Diazepam.
Anesthesia & Analgesia. 101 (2003) 251-238.

32(]iannakoulopoulos X, Scpulveda W, Kourtis P, Glover V. Fisk NM. Fctal plasma
cortisol and B-cndorphin responsc to intrauterine needling Lancet. 344 (1994) 77-81.

wGiannakoulopoulos X, Teixeira J, Fisk N. Human fetal and maternal noradrenaline
responses to invasive procedures. Pediatric Research. 45 (1999) 494-499.

*Anand KJS, Mazc M. Fetuscs, fentanyl, and the stress response. Anesthesiology. 95
(2001) 823-825.

2. Myers, 2004, p.236, para.3, “The anaesthesiologist is required to provide both maternal
and fetal anaesthesia and analgesia while ensuring both maternal and fetal haemodynamic
stability...Since substantial evidence exists demonstrating the ability of the second
trimester fetus to mount a neuroendrocrine response to noxious stimuli. .. fetal pain
management must be considered in every case.”

p.240, col .5, “A substantial amount of both animal and human research demonstrated that
the fetus is able to mount a substantial neuroendocrine response to noxious stimuli as
ecarly as the second trimester of pregnancy. Fetal neuroanatomical development further
substantiates this research. Evidence also exists that suggests that these responses to
noxious stimuli may, in fact, alter the response to subsequent noxious stimuli long after
the initial insult. This is the rationale behind providing fetal anaesthesia and analgesia
whenever surgical intervention is thought to potentially provide a noxious insult to the
fetus.”

Myers LB, Bulich LA, Hess, P, Miller, NM. Fetal endoscopic surgery: indications and
anaesthetic management. Best Practice & Research Clinical Anaesthesiology. 182
(2004) 231-258.
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Gupta, 2008, p.74, col .2, para.4, “As with any procedure, the provision of analgesia
depends on the likely severity of pain associated with the intervention. However,
analgesia is recommended for:

{1) endoscopic, intrauterine surgery on placenta, cord, and membranes;

(ii) late termination of pregnancy;

(iii)  direct surgical trauma to the fetus.”

Gupta R, Kilby M, Cooper G. Fetal surgery and anaesthetic implications. Continuning
Education in Anaesthesia, Critical Care & Pain. 8:2 (2008) 71-75.

Giannakoulopoulos, 1994, p.80, col .2, para.4, “Just as physicians now provide neonates
with adequate analgesia, our findings suggest that those dealing with the fetus should
consider making similar modifications to their practice. This applies not just to
diagnostic and therapeutic procedures on the fetus, but possibly also to termination of
pregnancy, especially by surgical techniques involving dismemberment.”

Giannakoulopoulos X, Sepulveda W, Kourtis P, Glover V, Fisk NM. Fetal plasma
cortisol and B-endorphin response to intrauterine needling. Lancer. 344 (1994) 77-81.

Van Scheltema, 2008, p.320, para.3, “Neuroanatomical, neurophysiological, hormonal,
haemodynamic and behavioural data indicate that a fetus is capable of reacting to noxious
stimuli, implying that the fetus can experience stress and possibly even pain... The
changes described can be long-lasting, perhaps even life-long... We therefore think that
when performing invasive intrauterine procedures it is important to accomplish fetal
anaesthesia to protect the fetus from possible harmful effects on the developing neural
system. It is difficult to determine from what gestation onwards fetal anaesthesia should
be provided; however, we feel that it should be considered from at least mid-gestation.”

Van Scheltema PNA, Bakker S, Vandenbussche FPHA, Oepkes, D. Fetal Pain. Fetal and
Maternal Medicine Review. 19:4 (2008) 311-324.

. Fetal anesthesia ... is associated with a decrease in stress hormones compared to
their level when painful stimuli is applied without such anesthesia.

Fisk, 2001, p.834, col.2, para.3, “This study provides the first evidence that direct fetal
analgesia reduces stress responses to intervention in utero.”

Abstract, “The authors investigated whether fentanyl ablates the fetal stress response to
needling using the model of delayed interval sampling during intrahepatic vein blood
sampling and transfusion in alloimmunized fetuses undergoing intravascular transfusion
between 20 and 35 weeks.

“Fentanyl reduced the B endorphin (mean difference in changes, -70.3 pg/ml; 95%
confidence interval, -121 to -19.2;#> = 0.02) and middle cerebral artery pulsatility index
response (mean difference, 0.65; 95% confidence interval, 0.26-1.04;P = 0.03), but not
the cortisol response (mean difference, -10.9 ng/ml, 95% confidence interval, -24.7 to
2.9;P =0.11) in fetuses who had paired intrahepatic vein transfusions with and without
fentanyl. Comparison with control fetuses transfused without fentanyl indicated that the 8
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endorphin and cerebral Doppler response to intrahepatic vein transfusion with fentanyl
approached that of nonstressful placental cord transfusions.

“Conclusions: The authors conclude that intravenous fentanyl attenuates the fetal stress
response to intrahepatic vein needling.”

Fisk NM, Gitau R, Teixeira MD, Giannakoulopoulos, X, Camcron, AD, Glover VA.
Eftect of Direct Fetal Opioid Analgesia on Fetal Hormonal and Hemodynamic Stress
Responsc to Intrauterine Needling. Aresthesiology. 95 (2001) 828-835.

De Buck, 2008, p.294, col.2, para.4, “The autonomic and endocrine responses to noxious
stimuli, the stress response, consist of the activation of the hypothalamic, pituitary, and
adrenal axis.”® Rises in blood levels of noradrenaline, cortisol and b-endorphin during
invasive procedures in the human fetus are seen. Alterations in the brain blood flow have
been seen as early as in the 18th week of pregnancy.b These autonomic effects of
noxious stimulation can be suppressed by the administration of analgesics.'®”

De Buck F, Deprest J, Van de Velde M. Anesthesia for fetal surgery. Current Opinion in
Anaesthesiology. 21 (2008) 293-297.

15R_Vchik J, Tian Z, Cohen MS, Ewing SG, Cohen D, Howell LI, Wilson RD, Johnson
MP, Hedrick HL. Flake AW, Crombleholme TM, Adzick NS. Acute cardiovascular
cffeets of fetal surgery in the human. Circulation. 110 (2004) 1549-1556.

*Smith RP, Gitau R, Glover V, Fisk NM. Pain and stress in the human fetus. European
Journal of Obsieirics and Gynecology and Reproductive Biology. 92 (2000) 161-165.

Derbyshire, 2008, p.119, col 2, para.1-2, “Anand’s seminal work with neonates
undergoing surgery demonstrated that fentanyl added to the anaesthetic regimen
significantly reduces the stress response to invasive practice.'1 Specifically, plasma
adrenalin, noradrenaline, glucagon, aldosterone, corticosterone, 11-deoxycorticosterone
and 11-deoxycortisol levels were significantly increased in the nonfentanyl group up to
24 hours after surgery. Reducing the normal stress response was considered to be
responsible for the improved clinical outcome of the fentanyl group who required less
post-surgical ventilator support and had reduced circulatory and metabolic complications,

“More recently, the stress response to invasive practice has been examined in the fetus to
demonstrate increased cortisol and h-endorphin circulation following intrauterine
needling of the fetus beyond 18 weeks gestation.”® Further studies have demonstrated that
the fetal stress response includes haemodynamic changes in blood flow to protect
essential organs, such as the brain, and blunting the stress response when providing
opiotd analgesia to the fetus. "

Note: Derbyshire believes pain requires subjective human experience, not possible until
after birth; nonetheless, he acknowledges this finding.

Derbyshire SW. Fetal Pain: Do We Know Enough to Do the Right Thing? Reproductive
Health Matters. 16: 31Supp. (2008) 117-126.
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* Anand K7, Sippcll WG, Aynsley-Green A. Randomised trial of fentanyl anacsthesia in
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Effect of Direct Fetal Opioid Analgesia on Fetal Hormonal and Hemodynamic Stress
Response to Intrauterine Needling. Arnesthesiology. 93 (2001) 828-835.

T Teixeira I, Fogliani R, Giannakoulopoulos X, Glover V, Fisk NM. Fetal hasmodynamic
stress response to mvasive procedures. Loncet. 347 (1996) 624,
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6: The position, asserted by some medical experts, that the unborn child is incapable of
experiencing pain until a point later in pregnancy than 20 weeks after fertilization
predominately rests on the assumption that the ability to experience pain depends on the
cerebral cortex and requires nerve connections between the thalamus and the cortex.
However, recent medical research and analysis, especially since 2007, provides strong
evidence for the conclusion that a functioning cortex is not necessary to experience pain.

DOCUMENTATION:

a.

The position, asserted by some medical experts, that the unborn child is incapable of
experiencing pain until a point later in pregnancy than 20 weeks after fertilization
predominately rests on the assumption that the ability to experience pain depends
on the cerebral cortex and requires nerve connections between the thalamus and the
cortex.

Anand, 2006, p.3, col.1, para.4 —col .2, para.2, “[R]ecent reviews purporting to rule out
the occurrence of fetal pain.**#?. . presuppose that cortical activation is necessary for
fetal pain p<3rcez})’[ior1.3"1'22 Based upon this assumption, the lack of evidence for pain-

specific thalamocortical connections support their contention against fetal pain.”
Anand KJS. Fetal Pain? Pain: Clinical Updates. 14:2 (2006) 1-4.

3 Lee SJ, Ralston HIP, Drey EA, Partridge, JC, Rosen, MA. A Systematic
Multidisciplinary Review of the Evidence. Journal of the American Medical Association.
294:8 (2005) 947-954,

* Mellor DJ, Diesch TJ, Gunn AJ, Bennet L. The importance of “awareness’ for
understanding fetal pain. Brain Research Reviews. 49 (2005) 455-471.

“Derbyshire SWG. Can fetuses feel pain? British Medical Journal. 332 (2006) 909912,

Royal College of Obstetricians & Gynecologists, 2010, Summary, para.2, “In
reviewing the neuroanatomical and physiological evidence in the fetus, it was apparent
that connections from the periphery to the cortex are not intact before 24 weeks of
gestation and, as most neuroscientists believe that the cortex is necessary for pain
perception, it can be concluded that the fetus cannot experience pain in any sense prior to
this gestation.”

Fctal Awareness: Review of Rescarch and Recommendations for Practice. Report of a
Working Party. Royal College of Obsietricians and Gynecologisis. March 2010,

Lee, 2005, Abstract, para.3, “Pain perception requires conscious recognition or
awareness of a noxious stimulus. Neither withdrawal reflexes nor hormonal stress
response to invasive procedures prove the existence of fetal pain, because they can be
elicited by nonpainful stimuli and occur without conscious cortical processing. Fetal
awareness of noxious stimuli requires functional thalamocortical connections.
Thalamocortical fibers begin appearing between 23 to 30 weeks’ gestational age, while
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eletroencephalography suggests the capacity for functional pain perception in preterm
neonates probably does not exist before 29 or 30 weeks.”

Lee SJ, Ralston HIP, Drey EA, Partridge, JC, Rosen, MA. A Systematic
Multidisciplinary Review of the Evidence. Journal of the American Medical Association.
294:8 (2005) 947954,

Brusseau, 2006, p.190, col 2, para.4, “... such reflex responses to noxious stimuli have
not been shown to involve the cortex and, thus, traditionally have not been thought to be
available to conscious perception.”

Brusscau R, Myers L. Developing consciousncss: fotal ancsthesia and analgesia.
Seminars in Anesthesia, Perioperative Medicine and Pain. 25 (2006) 189-193.

Mellor, 2005, p.464, col.2, para.4, “[D]espite the presence of intact nociceptive pathways
from around mid-gestation, the critical aspect of cortical awareness in the process of pain
perception is missing.”

Mellor DJ, Diesch TJ, Gunn Al, Bennet L. The importance of “awareness” for
understanding fetal pain. Brain Research Reviews. 49 (2005) 455-471.

Derbyshire, 2006, p.910, col.1, para.2, “Current theories of pain consider an intact
cortical system to be both necessary and sufficient for pain experience.®'™

Derbyshire SWG. Can fetuses feel pain? British Medical Journal. 332 (2006) 909-912.

*Coghill RC, McHaffie JC, Yen YF. Neural correlates of interindividual difference in the
subjective experience of pain. Procedings of the National Academy of Science of the
United States of America. 100 (2003) 8538-8542.

""Derbyshire SWG, Whalley MG, Stenger VA, Qakley DA . Cerebral activation during
hypnotically induced and imagined pain. Neuroimage. 23 (2004) 392-401.

However, recent medical research and analysis, especially since 2007, provides
strong evidence for the conclusion that a functioning cortex is not necessary to
experience pain.

Merker, 2007, p.80, col.2, para.3, “The evidence and functional arguments reviewed in
this article are not easily reconciled with an exclusive identification of the cerebral cortex
as the medium of conscious function... The tacit consensus concerning the cerebral
cortex as the ‘organ of consciousness’ would thus have been reached prematurely, and
may in fact be seriously in error.”

Merker B. Consciousness without a cerebral cortex: A challenge for neuroscience and
medicine. Behavioral and Brain Sciences. 30 (2007) 63-81.

Anand, 2007, p.82, col 2, para.1, “A reappraisal of the mechanisms of huan
consciousness, differentiating it from its attributes, functions, or contents, is long
overdue. Widely held concepts about the key mechanisms of consciousness, or its fullest

15



17

expression via the human brain, have not been reexamined in the light of accumulating
evidence since the 1970°s. Merker presents the organization of a subcortical

system. .. with multiple lines of anatomical, neurophysiological, behavioral, clinical,
andneuropathological evidence, and a teleological rationale — all of which support a
persuasive argument for the subcortical control and temporal sequencing of behavior....
One distressing impact of associating consciousness with cortical function, briefly
mentioned by Merker in section 6 of the target article, pertains to the mistaken notions
regarding pain perception in patient populations with impaired cortical function or
cortical immaturity.”

Anand KJS. Consciousncss, cortical function, and pain pereeption in nonverbal humans.
Behavioral and Brain Sciences. 30:1 (2007) 82-83.

Anand, 2006, p.2, col.2, para.5, “Multiple lines of evidence thus corroborate that the key
mechanisms of consciousness or conscious sensory perception are not dependent on
cortical activity:”

col.1, para.4, “Penfield and Jasper proposed that “the highest integrative functions
of the brain are not completed at the cortical level, but in a system of highly
convergent subcortical structures supplying the key mechanism of
consciousness.’”

col.2, para.3, “Further clinical evidence for conscious perception mediated by
subcortical centers comes from infants and children with hydranencephaly.lz’m”

col.2, para.4, “Thus, a subcortical system... mediates the organization of
consciousness.” ... That intact forebrain commissures are not required for high
levels of cognitive function'® provides further evidence for the subcortical
integration...”

“Whether consciousness is required for sensory perception has also been

questioned by recent studies of adult patients in a persistent vegetative state.'”'®

p.3, col.1, para.4 — col 2, para.2, “[R]ecent reviews purporting to rule out the occurrence
of fetal pain.****.. presuppose that cortical activation is necessary for fetal pain
perception.>*** Based upon this assumption, the lack of evidence for pain-specific
thalamocortical connections support their contention against fetal pain. This line of
reasoning, however, ignores clinical data cited above that ablation or stimulation of the
primary somatosensory cortex does not alter pain perception in adults, whereas thalamic
ablation or stimulation does. The thalamus plays a pivotal role in regulating the spinal-
brainstem-spinal loops that mediate context-dependent descending facilitation or
inhibition, coordinated via the key mechanisms underlying consciousness.”

Anand KJS. Fetal Pain? Pain: Clinical Updates. 14 (2006) 1-4.

Penficld W, Jasper HH. Lpilepsy and the 1unctional Anatomy of the Human Brain.
Boston: Little, Brown & Co; 1954,
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children: Developmental vegetative state as sclf-fulfilling prophecy. Developmental
Medicine & Child Neurology. 41 (1999) 364-374.

5 Merker B. Consciousness without a cercbral cortex: A challenge for neuroscicnee and
medicine. Behavioral and Brain Sciences. 30 (2007) 63-81. |in press at time of citation
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"*LeDoux JE, Risse GL., Springer SP, Wilson DH, Gazzaniga. Cognition and
Commissurotomy. Brain. 100 (1997) §7-104.

YShewmon DA, A critical analysis of conceptual domains of the vegetative state: sorting
fact from fancy. Neurorehabilitation. 19 (2004) 364-374.

"Schiff NDM. Neurology. 64 (2005) 514-523,
“Derbyshire SWG. Can fetuses feel pain? British Medical Journal. 332 (2006) 909912,

4. Brusseau, 2008, p.16, para. 1, “However, if one were to argue that a minimal form of
consciousness might be possible without cortical involvement, then certainly one would
have to consider thalamic development as a benchmark for the possible generation of
such a state. As described above, thalamic structures seem to be in place somewhere
between 20 and 30 weeks. .. Other evidence, however, points to a much earlier
maturation of thalamic processing function. Thalamic connections are intimately
involved in the generation of the physiochemical and endocrine responses to nociception
that are seen as early as 18 weeks. 2

p.20, para.3, “Perhaps the subcortex is necessary and sufficient for at least a minimal,
Hameroffian consciousness, one that (if the data regarding anencephalic children are to
be believed) may render an integrated experience of nociception that we might call pain.”

Brussean R. Developmental Perpectives: is the Fetus Conscious? Infernational
Anesthesiology Clinics. 46:3 (2008) 11-23.

PTeixeira Jm, Glover V, Fisk NM. Acute cerebral redistribution in response to invasive
procedure in the human fetus. American Journal of Obstetrics & Gynecology. 181
(1999) 1018-1025.
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7: Substantial evidence indicates that children born missing the bulk of the cerebral cortex,
those with hydranencephaly, nevertheless experience pain.

DOCUMENTATION:

1.

2.

Brusseau, 2008, p.17, para.2-3, “Clinical evidence for conscious perception mediated by
such a subcortical system comes from infants and children with hydranencephaly... 33
Despite the total or near-total absence of cerebral cortex, these children clearly
demonstrate elements of consciousness.”*. .. It is important to note that these are not
hydrocephalic children who possess a thin rim of intact, functional cortex, but rather
children with little or no cortex at all...what little cortex may remain is generally
nonfunctional and without normal white matter connectivity.35

“As such, it would seem these children demonstrate that anatomic development or
functional activity of the cortex may not be required for conscious sensory perception.
They may, and do in fact, respond to painful or pleasurable stimuli in what may easily be
argued to be a conscious, coordinated manner, similar to intact children ’¢”

Brusseau R. Developmental Perpectives: is the Fetus Conscious? International
Anesthesiology Clinics. 46:3 (2008) 11-23.

*'Counter SA. Prescrvation of brainstem neurophysiological function in
hydranencephaly. Journal of Neuroscience. 263 (2007) 198-207.

**Marin-Padilla M. Developmental neuropathology and impact of perinatal brain damage.
Journal of Neuropathology & Iixperimental Neurology. 56 (1997) 219-235.

“Takada K, Shiota M, Ando M, ct al. Porcncephaly and hydrancncephaly: a
neuropathological study of four autopsy cases. Brain Development. 11 (1989) 51-56.

*Shewmon DA, Holmes GL, Byrne PA. Consciousngss in congenitally decorticate
children: Developmental vegetative state as sclf-fulfilling prophecy. Developmental
Medicine & Child Neurology. 41 (1999) 364-374.

*Merker B. Lifc expectancy in hydrancncephaly. Clinical Neurology & Neurosurgery.
110 (2008) 213-214.

**McAbce GN, Chan A, Erde EL. Prolonged survival with hydrancncephaly: report of
two patients and literature review, Pediatric Neurology. 23 (2000) 80-84.

Merker, 2007, p.79, col.1, para.4, “My impression from this first-hand exposure to
children with hydranencephaly confirms the account given by Shewmon and colleagues.
These children are not only awake and often alert, but show responsiveness to their
surroundings in the form of emotions or orienting reactions to environmental events...
They express pleasure by smiling and laughter, and aversion by “fussing,” arching of the
back and crying (in many gradations), their faces being animated by these emotional
states.”

Merker B. Consciousness without a cerebral cortex: A challenge for neuroscience and
medicine. Behavioral and Brain Sciences. 30 (2007) 63-81.
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children: Developmental vegetative state as self-fulfilling prophecy. Developmental
Medicine & Child Neurology. 41 (1999) 364-374.

Brusseau, 2006, p.191, col.1, para.1, “Indeed, there is evidence that hydranencephanic
children responds to painful and pleasurable stimuli in a coordinated manner similar to
other children."™

Brusseau R, Mvers L. Developing consciousness: fetal anesthesia and analgesia.
Seminars in Anesthesia. Perioperative Medicine and Pain. 25 (2006) 189-195.

" Anand KJS. U.S. Congress. House of Representatives. Committee on the Judiciary.
Pain of the Unborn: Hearing Before the Subcommittee on the Constitution. 109th Cong ..,
1% Sess., 2005,

Beshkar, 2008, p.554, col.1, para.1, “Shewmon et al. (1999) reported the cases of four
children aged 5-17, with hydranencephaly involving complete or nearly complete
absence of cerebral cortex. The authors observed that these children possessed a variety
of cognitive capacities that were indicative of ordinary consciousness,

including. .. appropriate affective responses.”

p.553, col .2, para.3, “Whether or not children born with hydranencephaly have
consciousness is still controversial. However, the body of evidence in favor of the
presence of consciousness in these patients seems to be more convincing than evidence
and arguments against consciousness in such children.”

Beshker M. The Presence of Consciousness in the Absence of the Cerebral Cortex.
Synapse. 62 (2008) 553-556.
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Medicine & Child Neurology. 41 (1999) 364-374.
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8: In adults, stimulation or ablation of the cerebral cortex does not alter pain perception,
while stimulation or ablation of the thalamus does.

DOCUMENTATION:

1.

3.

Brusseau, 2008, p.16, para.3, “In keeping with the critical insights of Penfield and
Jasper, clinical evidence suggests that either ablation or stimulation of the primary
somatosensory cortex does not alter pain perception in adults (demonstrated by Penfield
and Jasper themselves), whereas both thalamic ablation and stimulation have been shown
to interrupt pain perception.”

p.17, para.l “In keeping with this evidence, we should consider that if cortical activity is
not a prerequisite for pain perception in adults, then by analogy neither would it be a
necessary criterion for fetuses.”

Note: Brusseau is ultimately agnostic regarding the ability of unborn children fo feel
pain before 28 weeks.

Brusscau R. Developmental Perpectives: is the Fetus Conscious? International
Anesthesiology Clinics. 46:3 (2008) 11-23.

Penfield W, Jasper HH. Lpilepsy and the 1unctional Anatomy of the Human Brain.
Boston: Little, Brown & Co; 1954,

Van Scheltema, 2008, p.313, para.1, “Others however, argue that thalamocortical
connections are not a necessary criterion for (fetal) pain perception as clinical data show
that ablation or stimulation of the thalamus alone is sufficient to alter pain perception in
adults. ' 1*

Van Scheltema PNA, Bakker S, Vandenbussche FPHA, Oepkes, D. Fetal Pain. Fetal and
Maternal Medicine Review. 19:4 (2008) 311-324.
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“Craig AD. Interoception: the sense of the physiological condition of the body. Current
Opinion in Neurobiology. 13 (2003) 500-505.
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stimulation of periventricular gray in chronic pain. Pain. 97 (2002) 47-51.

Merker, 2007, p.65, col.1, para.3, “Penfield and Jasper note that cortical removal even as

radical as hemispherectomy does not deprive a patient of consciousness, but rather of
certain forms of information, discrimination capacities, or abilities, but not of
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consciousness itself... What impressed Penfield and Jasper was the extent to which the
cerebral cortex could be subjected to acute insult without producing so much as an
interruption in the continuity of consciousness. Their opinion in this regard bears some
weight, in that their magnum opus of 1954 — Epilepsy and the Functional Anatomy of the
Human Brain  summarizes and evaluates experience with 750 such operations.”

Merker B. Consciousness without a cerebral cortex: A challenge for neuroscience and
medicine. Behavioral and Brain Sciences. 30 (2007) 63-81.

Penfield W, Jasper HH. Epilepsy and the Functional Anatomy of the Human Brain.
Boston: Little, Brown & Co; 1954,

Morsella, 2010, p.15, col.1, para.3, “It seems that consciousness can persist even when
great quantities of the cortex are absent.”
Morsella E, Krieger SC, Bargh JA. Minimal neuroanatomy for a conscious brain:
Homing in on the networks constituting consciousness. Neural Networks. 23 (2010) 14-
15.
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9: Substantial evidence indicates that structures used for pain processing in early
development differ from those of adults, using different neural elements available at
specific times during development, such as the subcortical plate, to fulfill the role of pain
processing.

DOCUMENTATION:

1. Anand, 2006, p.3, col.1, para.5, “Clinical and animal research shows that the fetus or
neonate is not a ‘little adult,” that the structures used for pain processing in early
development are unique and different from those of adults, and that many of these fetal
structures and mechanisms are not maintained beyond specific periods of early
development. The immature pain system thus uses the neural elements available during
each stage of development to carry out its signaling role.”

Anand KJS. Fctal Pain? Pain: Clinical Updates. 14:2 (2006) 1-4.

2. Van Sheltema, 2008, p.313, para.1; “[PJain perception during fetal and neonatal
development does not necessarily involve the same structures involved in pain processing
as those in adults, meaning that the lack of development of certain connections is not
sufficient to support the argument that fetuses can not feel pain until late gestation. ™"
Some say even that the structures used for pain processing in the fetus are completely
different from those used by adults and that many of these structures are not maintained
beyond specific periods of early development.*'”

Van Scheltema PNA, Bakker S, Vandenbussche FPHA, Ocpkes, D. Fetal Pain. Fetal and
Maternal Medicine Review. 19:4 (2008) 311-324,

' Lee 8J, Ralston HIP, Drey EA, Partridge, JC, Rosen, MA. A Systematic
Multidisciplinary Review of the Evidence. Journal of the American Medical Association.
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10: The position, asserted by some medical experts, that the unborn child remains in a
coma-like sleep state that precludes the unborn child experiencing pain is inconsistent with
the documented reaction of unborn children to painful stimuli and with the experience of
fetal surgeons who have found it necessary to sedate the unborn child with anesthesia to
prevent the unborn child from thrashing about in reaction to invasive surgery.

DOCUMENTATION:

a. The position, asserted by some medical experts, that the unborn child remains in a
coma-like sleep state that precludes the unborn child experiencing pain...

1. Royal College of Obstetricians & Gynecologists, 2010, Summary, para.2,
“Furthermore, there is increasing evidence that the fetus never experiences a state of true
wakefulness in utero and is kept, by the presence of its chemical environment, in a
continuous sleep-like unconsciousness or sedation.”

Fetal Awareness: Review of Research and Recommendations for Practice. Report of a
Working Party. Royal College of Obstetricians and (Gynecologists. March 2010,

2. Fitzgerald, 2005, p.513, col.1, para.2, “Despite the existence of sensory reflexes from the
first trimester of human fetal life, it is unlikely that the fetus is ever awake or aware and,
therefore, able to truly experience pain, due to high levels of endogenous neuroinhibitors,
such as adenosine and pregnanolone, which are produced in the feto-placental unit and
contribute to fetal sleep states'*. Tn preterm infants below 32 weeks most pain responses,
including facial expressions, seem to be largely subcortical*”

Fitzgerald M. The Development of Nociceptive Circuits. Nature Reviews: Neuroscience.
6 (2005) 507-520.

3. Mellor, 2005, p.464, col .2, para.4, “We conclude that there is currently no strong
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critical aspect of cortical awareness in the process of pain perception is missing.”

Mellor DJ, Diesch TJ, Gunn AJ, Bennet L. The importance of ‘awareness’ for
understanding fetal pain. Brain Research Reviews. 49 (2005) 455-471.

b. ...is inconsistent with the documented reaction of unborn children to painful
stimuli and with the experience of fetal surgeons who have found it necessary to
sedate the unborn child with anesthesia to prevent the unborn child from thrashing
about in reaction to invasive surgery.
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11: Consequently, there is substantial medical evidence that an unborn child is capable of
experiencing pain by 20 weeks after fertilization.

DOCUMENTATION:

1.

Wright, 2005, p.26, para.8 — p.27, para.3, “After 20 weeks of gestation, an unborn child
has all the prerequisite anatomy, physiology, hormones, neurotransmitters, and electrical
current to “close the loop™ and create the conditions needed to perceive pain... The
development of the perception of pain beings at the 6™ week of life. By 20 weeks, and
perhaps even earlier, all the essential components of anatomy, physiology, and
neurobiology exist to transmit painful sensations from the skin to the spinal cord and to
the brain. *”

*From the testimony of Dr. Jean A. Wright, Professor And Chair of Pediatrics, Mercer
School of Medicine

U.S. Congress. House of Representatives. Committee on the Judiciary. Pain of the
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2005.
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Arkansas Children’s Hospital Research Institute, and Professor of Pediairics,
Anesthesiology, Pharmacology, and Neurohiology, University of Arkansas College of
Medicine

U.S. Congress. House of Representatives. Committee on the Judiciary. Pain of the
Unborn: Hearing Before the Subcommittee on the Constitution. 109th Cong., 1% Sess.,
2003.
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7. Van Scheltema, 2008, p.320, para.3, “Neuroanatomical, neurophysiological, hormonal,
haemodynamic and behavioural data indicate that a fetus is capable of reacting to noxious
stimuli, implying that the fetus can experience stress and possibly even pain...Tt is
difficult to determine from what gestation onwards fetal anaesthesia should be provided;
however, we feel that it should be considered from at least mid-gestation.”
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Mr. FRANKS. This bill regulates all forms of late-term abortions,
each of them gruesome and painful. Babies are dismembered, or
they are chemically burned alive through saline abortion. Some
late-term abortions kill the child in utero through lethal injection
before removing the child, and this can be done with the physician
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puncturing the small, pain-cable baby through the chest to inject
drugs that will end the child’s life.

Most Americans think that late-term abortions are rare, but, in
fact, they make up about 10 percent of abortions annually. With an
average of greater than 1.2 million abortions in the U.S. each year,
that comes to approximately 120,000 late-term abortions annually,
or greater than 325 late-term abortions every day in America.

H.R. 3803 is long overdue, and it is a law which protects unborn
children who have reached 20 weeks development from abortions
on the basis that the unborn child feels pain by at least this stage
of development, if not much earlier. The bill provides an exception
where an abortion is necessary to save the life of the mother.

When a pregnancy endangers the mother’s life, there are only
two options: abortion, or delivery. Due to medical advancements it
is now nearly always possible to deliver the baby in under half an
hour through emergency C-section rather than through a late-term
abortion, which typically requires hours or even days to complete.
Delivery by C-section is generally substantially faster and, there-
fore, more safe for the mother and the child where the pregnancy
results or presents an imminent threat to life.

With this in mind, H.R. 3803 provides that the physician must
choose the option that is most likely to save the life of both pa-
tients, mother and baby. Currently there are no restrictions on
abortions clear up until the moment of birth in the District of Co-
lumbia other than the Federal law that bans partial-birth abor-
tions, a law that passed by the U.S. Congress and not the D.C. gov-
ernment some years ago.

Many Americans are unaware that the unborn child feels pain,
and certainly most people believe that they can trust the medical
profession to know if the child does and to administer anesthesia
as a basic requirement of human compassion. But, in fact, there is
no standard legal rule to provide that an unborn child receive anes-
thesia. This is true whether the child is a wanted child that is un-
dergoing surgery in utero, or whether the child is an unwanted
child or other child that is undergoing an abortion. In this respect
unborn children receive less legal protection from completely un-
necessary cruelty than farm animals, which have protection under
the Human Slaughter Act.

This is barbaric, ladies and gentlemen, and we must not allow
it to happen in America. We must enact protections for unborn
children to put an end to this, the greatest human rights violation
occurring on U.S. soil, the painful late-term abortion that has al-
ready victimized potentially millions of pain-cable unborn Ameri-
cans since the Supreme Court gave America abortion on demand
in 1973.

And with that, I would yield to the Ranking Member of the Sub-
committee Mr. Nadler for his opening statement.

The bill, H.R. 3803, follows:]
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1121 CONGRESS
10 H, R, 3803

Mr.

To

1
2

To amend title 18, United States Code, to protect pain-capable unborn
children in the Distriet of Columbia, and for other purposes.

IN THE HOUSE OF REPRESENTATIVES

JANUARY 23, 2012

I"RANKS of Arizona (for himself, Mr. AkiN, Mr. Gonyert, Mr. MLEMING,
Mr. WaLBERG, Mr. HuBLsgAMP, Mr. PrrTs, Mr. LAMBORN, Mr. SMITH
of Texas, Mr. Kinasron, Mr. SviTH of New Jersey, Mr. SOUTHERLAND,
Mrs. ScaMIDT, Mr. ADERBOLT, Mr. HarRIS, Mr. BucsuON, Mr. PENCE,
Mr. HuuTGreEN, Mr. Boustany, Mr. ROGERS of Alabama, Mr. MAN-
zuLLo, Mr. Ross of Florida, Mrs. HaRTZLER, Mr. FORTENBERRY, Mr.
Hereer, Mr. Caxsmco, Mr. LaNkrForDp, Mrs. Lummis, Mr. AUSTIN
SCoTT of Georgia, Mr. ROE of Tennessee, Mr. NUNNELEE, Mr. MARCH-
ANT, Mr. HumzeENGA of Michigan, Mr. MUrPiry of Pennsylvania, Mr.
Jongs, Mr. LaNDRY, Mr. Bacnus, Mr. Rogurs of Kentucky, Mrs.
Roy, Mr. McKiNLREY, Mr. LiriNsgr, Mr. KurLny, Mr. GowDy, Mr. JOR-
DAN, Mrs. BacHMANN, Mrs. ELLMERS, Mr. Amasm, Mr. Issa, Mr.
SCHWEIKERT, and Mr. SCALISE) introduced the following bill; which was
referred to the Committee on the Judiciary, and in addition to the Com-
mittee on Oversight and Government Reform, for a period to be subse-
quently determined by the Speaker, in each case for consideration of such
provisions as fall within the jurisdietion of the committee concerned

A BILL

amend title 18, United States Code, to proteet pain-
capable unborn children in the District of Columbia,
and for other purposcs.

Be it enacted by the Senate and House of Representa-

tives of the United States of America in Congress assembled,



33

SECTION 1. SHORT TITLE.

This Act may be cited as the “District of Columbia

Pain-Capable Unborn Child Protection Act”.

SEC. 2. LEGISLATIVE FINDINGS.

Congress finds and deelarcs the following:

(1) Pain receptors (nociceptors) are present
throughout the wunborn child’s entire body and
nerves link these reeeptors to the brain’s thalamus
and subcortical plate by no later than 20 weeks after
fertilization.

(2) By 8 weeks after fertilization, the unborn
child reacts to touch. After 20 weeks, the unborn
child reacts to stimuli that would he recognized as
painful if applied to an adult human, for example,
by recoiling.

(3) In the unborn child, application of such
painful stimuli 1s  associated with significant in-
creases in stress hormones known as the stress re-
sponse.

(4) Subjection to such painful stimuli is associ-
ated with long-term harmful neurodevelopmental cf-
feets, such as altered pain sensitivity and, possibly,
emotional, behavioral, and learning disabilities later
in life.

(5) For the purposes of surgery on unborn chil-

dren, fetal anesthesia is routinely administered and

<HR 3803 I[H
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18 associated with a decrease in stress hormones
compared to their level when pamful stimuli are ap-
plied without such anesthesia.

(6) The position, asserted by some medical ex-
perts, that the unborn child is incapable of experi-
encing pain until a point later in pregnaney than 20
weeks after fertilization predominately rests on the
assumption that the ability to cxperienee pain de-
pends on the cerebral cortex and requires nerve con-
nections between the thalamus and the cortex. How-
ever, recent medical research and analysis, especially
since 2007, provides strong evidence for the conelu-
sion that a functioning cortex is not necessary to ex-
perience pain.

(7) Substantial evidence indieates that children
born missing the bulk of the cerebral cortex, those
with hydranencephaly, nevertheless experience pain.

(8) In adult humans and in animals, stimula-
tion or ablation of the cerebral cortex does not alter
pain perception, while stimulation or ablation of the
thalamus does.

(9) Substantial evidence indicates that struc-
tures used for pain processing in early development
differ from those of adults, using different neural

elements available at specific times during develop-
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ment, such as the subcortical plate, to fulfill the role
of pain processing.

(10) The position, asserted by some commenta-
tors, that the uuborn child remains in a coma-like
sleep state that precludes the unborn child experi-
encing pain 18 inconsistent with the documented re-
action of unborn children to painful stimuli and with
the experience of fetal surgeons who have found it
necessary to sedate the unborn child with anesthesia
to prevent the unborn child from engaging in vig-
orous movenient in reaction to invasive surgery.

(11) Consequently, there is substantial medical
evidence that an unborn child is capable of experi-
encing pain at least by 20 weeks after fertilization,
if not carlier.

(12) Tt is the purpose of the Congress to assert
a compelling governmental interest in protecting the
lives of unborn children from the stage at which sub-
stantial medical evidence Indicates that they are ca-
pable of feeling pain.

(13) The compelling governmental interest in
protecting the lives of wnborn children from the
stage at which substantial medical evidence indicates
that they are capable of feeling pain i1s intended to

be separate from and independent of the compelling
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governmental interest in protecting the lives of un-
born children from the stage of viability, and neither
governmental interest 1s intended to rveplace the
other.

(14) The Distriet Council of the District of Co-
Tambia, operating under authority delegated by Con-
gress, repealed all hmutations on abortion at any
stage of pregnancy, effeetive April 29, 2004,

(15) Article I, section 8 of the Constitution of
the United States of America provides that the Con-
gress shall “exercise exclusive Legislation in all
Cases whatsoever”” over the District established as
the seat of government of the United States, now
known as the District of Columbia. The constitu-
tional responsibility for the protection of pain-capa-
ble unborn children within the Federal District re-

sides with the Congress.

SEC. 3. DISTRICT OF COLUMBIA PAIN-CAPABLE UNBORN

CHILD PROTECTION.

(a) IN GENERAL—Chapter 74 of title 18, United

21 States Code, is amended by inserting after section 1531

22 the following:

HR 3803 [H
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“$1532. District of Columbia pain-capable unborn
child protection

“(a) UNLAWFUL CONDUCT.—Notwithstanding any
other provision of law, including any legislation of the Dis-
trict of Columbia under authority delegated by Congress,
it shall be unlawful for any person to perform an abortion
within the District of Columbia, or attempt to do so, un-
less in conformity with the requirements set forth in sub-
section (b).

“(b) REQUIREMENTS FOR ABORTIONS.—

“(1) The physician performing or attempting
the abortion shall first make a determination of the
probable post-fertilization age of the unborn ehild or
reasonably rely upon such a deternination made by
another physician. In making such a determination,
the physician shall make such inquiries of the preg-
nant woman and perform or cause to be performed
such medical examinations and tests as a reasonably
prudent physician, knowledgeable about the case and
the medical conditions involved, would consider nec-
essary to make an accurate determimation of post-
fertilization age.

“(2)(A) Except as provided in subparagraph
(B), the abortion shall not be performed or at-

tempted, if the probable post-fertilization age, as de-

HR 3803 [H
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termined under paragraph (1), of the unborn child
1s 20 weeks or greater.

“{B) Subject to subparagraph (C), subpara-
graph (A) does not apply if, in reasonable medical
Judgment, the abortion is necessary to save the life
of a pregnant woman whose hife is endangered by a
physical disorder, physical illness, or physical injury,
including a bfc-endangering physical  condition
caused by or arising from the pregnancy itself, but
not including psychological or emotional conditions
or any claim or diagnosis that the woman will en-
gage in conduct which she intends to result in her
death.

“(C) A physician terminating or attempting to
terminate a pregnancy under the exeeption provided
by subparagraph (B) may do so only in the manner
which, 1n reasonable medical judgment, provides the
best opportunity for the unborn child to survive, un-
less, in reasonable medical judgment, termination of
the pregnancy in that manner would pose a greater
risk of—

“(i) the death of the pregnant woman; or
“(i1) the substantial and irreversible phys-

ical impairment of a major bodily function, not
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including psychological or emotional conditions,

of the pregnant woman;

than would other available methods.

“(¢) CRIMINAL PENALTY.—Whoever violates sub-
section (a) shall be fined under this title or imprisoned
for not more than 2 years, or both.

“(d) BAr TO PROSECUTION.—A woman upon whom
an abortion in violation of subscction (a) 1s performed or
attempted may not be prosecuted under, or for a con-
spiracy to violate, subsection (a), or for an offense under
section 2, 3, or 4 based on such a violation.,

“(e) CviL REMEDIES.—

“(1) CIvIT, ACTION BY WOMAN ON WITOM TIIRE
ABORTION I8 PERFORMED.—A woman upon whom
an ahortion has been performed or attempted in vio-
lation of subsection (a), may in a civil action against
any person who engaged in the violation obtain ap-
propriate relief.

The father

“(2) CIVIL ACTION BY RELATIVES,
of an unborn child who is the subject of an abortion
performed or attempted in violation of subsection
(a), or a maternal grandparent of the unborn child
if the pregnant woman 18 an unemanecipated minor,

may n a civil action against any person who en-

gaged n the violation, obtain appropriate relief, un-
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less the pregnancy resulted from the plaintiff's
eriminal conduet or the plaintiff consented to the
abortion.
“(3) APPROPRIATE RELIEF.—Appropriate relief
in a civil action under this subsection includes—

“(A) ohjectively verifiable money damages
for all injuries, psyehological and physical, ocea-
sioned by the violation of this scetion;

“(B) statutory damages equal to three
times the cost of the abortion; and

“(C) punitive damages.

“(4) INJUNCTIVE RELIEF,—

“(A) IN GENERAL.—A qualified plaintiff
may n a civil action obtain mjunctive rehef to
prevent an abortion provider from performing
or attempting further abortions in violation of
this section.

“(B) DEFINITION.—In this paragraph the
term ‘qualified plaintiff’ means—

“(i) a woman upon whom an abortion
is performed or attempted i violation of
this section;

“(11) any person who is the spouse,

parent, sibling or guardian of, or a current
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or former licensed health care provider of,
that woman; or
“(m) the United States Attorney for
the District of Columbia.

“(5) ATTORNEYS FEES FOR PLAINTIFF.—The
court shall award a reasonable attorney’s fee as part
of the costs to a prevailling plamtiff i a cvil action
under this subsection.

“(6) ATTORNEYS FEES FOR DEFENDANT.—If a
defendant in a civil action under this section prevails
and the court finds that the plaintiff’s suit was friv-
olous and brought in bad faith, the court shall also
render judgment for a reasonable attorney’s fee in
favor of the defendant against the plamtiff.

“(T) AWARDS AGAINST WOMAN.—Exeept under
paragraph (6), in a civil action under this sub-
section, no damages, attorney’s fee or other mone-
tary relief may be assessed against the woman upon
whom the abortion was performed or attempted.

“(f) PROTECTION OF Privacy 1N COURT PRro-

“(1) IN GENERAL.—Except to the extent the
Constitution or other similarly compelling reason re-
quires, in every civil or eriminal action under this

section, the court shall make such orders as are nec-
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essary to protect the anonymity of any woman upon
whom an abortion has been performed or attempted
1f she does not give her written consent to such dis-
closure. Such orders may be made upon motion, but
shall be made sua sponte if not otherwise sought by
a party.

“(2) ORDERS TO PARTIES, WITNESSES, AND
COUNSEL.—The court shall issuc appropriate orders
under paragraph (1) to the parties, witnesses, and
counsel and shall direct the sealing of the record and
exclusion of individuals from courtrooms or hearing
rooms to the extent necessary to safeguard her iden-
tity from public disclosure. Each such order shall be
accompanied by specific written findings explaining
why the anonymity of the woman must be preserved
from public disclosure, why the order is essential to
that end, how the order is narrowly tailored to serve
that interest, and why no reasonable less restrictive
alternative exists,

“(3) PSEUDONYM REQUIRED.—In the absence
of written consent of the woman upon whom an
abortion has been performed or attempted, any
party, other than a public official, who brings an ac-
tion under paragraphs (1), (2), or (4) of subsection

{e) shall do so under a pseudonym.
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“(4) LovatATION.—This subsection shall not be
construed to conceal the identity of the plaintiff or
of witnesses from the defendant or from attorneys
for the defendant.

“(g) REPORTING.—

“(1) DUTY TO REPORT.—Any physician who
performs or attempts an abortion within the Distriet
of Columbia shall report that abortion to the rel-
evant District of Columbia health agency (herein-
after in this section referred to as the ‘health agen-
c¢y’) on a schedule and in accordance with forms and
regulations prescribed by the health agency.

“(2) CONTENTS OF REPORT.—The report shall
include the following:

“(A) POST-FERTILIZATION AGH.—For the
determination of probable postfertilization age
of the unborn child, whether ultrasound was
emploved in making the determination, and the
week of probable post-fertilization age that was
determined.

“(B) METIIOD OF ABORTION.—Which of
the following methods or combination of meth-

ods was employed:
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“(1) Dilation, dismemberment, and
evacuation of fetal parts also known as ‘di-
lation and evacuation’.

“(11) Intra-amniotic instillation of sa-
line, urea, or other substance (specify sub-
stance) to kil the unborn ¢hild, followed by
mduetion of labor.

“(11) Intracardiac or other intra-fetal
ijection of digoxin, potassium chloride, or
other substance (specify substance) in-
tended to kill the unborn child, followed by
induction of labor,

“(iv) Partial-birth abortion, as defined
in section 1531,

“(v) Manual vacuum aspiration with-
out other methods.

“(vi) Electrical vacuum aspiration
without other methods.

“(vil) Abortion induced by use of
mifepristone in combination with
misoprostol; or

“(vin) 1if none of the methods de-
seribed in the other clauses of this sub-
paragraph was employed, whatever method

was employed.
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“(C) AGE 0oF WOMAN.—The age or approx-
1mate age of the pregnant woman.

“(D) COMPLIANCE WITH REQUIREMENTS
FOR EXCEPTION.—The facts relied upon and
the basis for any determinations required to es-
tablish ecompliance with the requirements for
the exeeption provided by subscetion (h)(2).

“(3) EXCLUSIONS FROM REPORTS.—

“(A) A report required under this sub-
section shall not contain the name or the ad-
dress of the woman whose pregnancy was ter-
minated, nor shall the report contain any other
information identifying the woman.

“(B) Such report shall contain a unique
Medical Record Number, to enable matehing
the report to the woman’s medical records.

“(C) Such reports shall be maintained in
strict confidence by the health agency, shall not
be available for public inspection, and shall not
be made available except—

“(i) to the United States Attorney for
the District of Columbia or that Attorney’s
delegate for a criminal investigation or a
civil investigation of conduct that may vio-

late this section; or
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“(i1) pursuant to court order in an ac-

tion under subsection (e).

“(4) PUBLIC REPORT.—Not later than June 30
of each year beginning after the date of enactment
of this paragraph, the health agency shall issue a
public report providing statistics for the previous
calendar year compiled from all of the reports made
to the health ageney under this subscetion for that
vear for each of the items listed in paragraph (2).
The report shall also provide the statistics for all
previous calendar vears during which this section
was 1 effect, adjusted to reflect any additional in-
formation from late or corrected reports. The health
agency shall take care to ensure that none of the in-
formation included in the public reports could reca-
sonably lead to the identification of any pregnant
woman upon whom an abortion was performed or at-
tempted.

“(5) FAILURE TO SUBMIT REPORT.—

“(A) LATE FEE.—Any physician who fails
to submit a report not later than 30 days after
the date that report is due shall be subject to
a late fee of $1,000 for each additional 30-day
period or portion of a 30-day period the report

1s overdue.
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“(B) COURT ORDER TO COMPLY.—A court
of competent jurisdiction may, in a civil action
commenced by the health agency, direct any
physician whose report under this subsection is
still not filed as required, or is incomplete, more
than 180 days after the date the report was
due, to comply with the requirements of this
scetion under penalty of civil contempt.
‘(') DISCIPLINARY ACTION.—Intentional
or reckless failure by any physician to comply
with any requirement of this subsection, other
than late filing of a report, constitutes suffi-
cient cause for any disciplinary sanction which
the Health Professional Ticensing Administra-
tion of the Distriet of Columbia determines is
appropriate, including suspension or revocation
of any license granted by the Administration.
“(6) FORMS AND REGULATIONS.—Not later
than 90 days after the date of the enactment of this
section, the health agency shall prescribe forms and
regulations to assist in eompliance with this sub-
section.

“(7) EFrFECTIVE DATE OF REQUIREMENT.—
Paragraph (1) of this subsection takes effect with

respect to all abortions performed on and after the
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first day of the first calendar month beginning after
the effective date of such forms and regulations,
“(h) DeErFINITIONS.—In this section the following
definitions apply:

“(1) ABORTION.—The term ‘abortion’ means
the use or preseription of any mstrument, medicine,
drug, or any other substance or device—

“(A) to mtentionally kill the unborn child
of a woman known to be pregnant; or

“(B) to otherwise intentionally terminate
the pregnancy of a woman known to be preg-
nant with an intention other than to wcrease
the probability of a live birth, to preserve the
life or health of the e¢hild after live rth, or to
remove a dead unborn child who died as the re-
sult of natural causes in utero, acadental trau-
ma, or a criminal assault on the pregnant
woman or her unborn child, and which causes
the premature termination of the pregnancy.

“(2) ATTEMPT AN ABORTION.—The term ‘at-
tempt’, with respect to an abortion, means conduct
that, under the circumstances as the actor believes
them to be, constitutes a substantial step in a course
of conduet planned to culminate in performing an

abortion in the District of Columbia.
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“(3) FERTILIZATION.—The term ‘fertilization’
means the fusion of human spermatozoon with a
human ovam.

“(4) HrautH AGENCY.—The term ‘health
agency’ means the Department of Health of the Dis-
triet of Columbia or any suceessor agency respon-
sible for the regulation of medical practice.

“(5) PERFORM.—The term ‘perform’, with re-
spect to an abortion, includes induce an abortion
through a medical or chemical intervention including
writing a prescription for a drug or device intended
to result in an abortion.

“(6) PrivstetaN.—The term ‘physician’ means
a person licensed to practice medicine and surgery
or ostcopathic medicine and surgery, or otherwise li-
censed to legally perform an abortion,

“(7) DPOST-FERTILIZATION ACGE.—The term
‘post-fertilization age’ means the age of the unborn
child as caleulated from the fusion of a human
spermatozoon with a human ovam.

“(8) PROBABLE POST-FERTILIZATION AGE OF
THE UNBORN CHILD.—The term ‘probable post-fer-
tilization age of the unborn child’ means what, in
reasonable medical judgment, will with reasonable

probability be the postfertilization age of the unborn
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child at the time the abortion is planned to be per-
formed or induced.

“(9) REASONABLE MEDICAL JUDGMENT.—The
term ‘reasonable medical judgment’ means a medical
Judgment that would be made by a reasonably pru-
dent physician, knowledgeable about the case and
the treatment possibilities with respect to the med-
1cal conditions involved.

“(10) UNBORN CHILD.—The term ‘unborn
child® means an individual organism of the species
homo sapiens, beginning at fertilization, until the
poiut of being born alive as defined in section 8(b)
of title 1.

“(11)  UNEMANCIPATED MINOR.—The term
‘unemancipated minor’ means a minor who is sub-
ject to the control, authority, and supervision of a
parent or guardian, as determined under the law of
the State in which the minor resides.

“(12) WoMaN.—The term ‘woman’ means a fe-
male human being whether or not she has reached
the age of majority.”.

(h) CLERICAL AMENDMENT.—The table of sections
at the beginning of chapter 74 of title 18, United States
Code, is amended by adding at the end the following new

tem:
“1532. District of Columbia paiu-capable unhorn child protection.”.
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(¢) CHAPTER HEADING AMENDMENTS,—

(1) CHAPTER HEADING IN CHAPTER.—The
chapter heading for chapter 74 of title 18, United
States Code, is amended by striking “PARTIAL
BIRTH ABORTIONS” and inserting “ABOR-
TIONS”.

(2) TABLE OF CHAPTERS FOR PART 1—The
item relating to chapter 74 in the table of chapters
at the beginning of part 1 of title 18, United States
Code, is amended by striking “PARTIAL BIRTH
ABORTIONS” and inserting “ABORTIONS”.

o
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Mr. NADLER. Thank you, Mr. Chairman.

We are back again considering legislation that would curtail
women’s reproductive rights. I understand how personally impor-
tant this is to some of my colleagues, and they are certainly enti-
tled to their beliefs, but the many Americans who see the world
very differently, including millions of women who value their per-
sonal autonomy and their personal liberty, can be forgiven if this
looks just like another battle in the Republican war on women.

I accept that on this one we are going to have to agree to dis-
agree. In this case my colleagues appear, through the operation of
the criminal code, to be trying to settle a scientific question on
which there is no consensus within the field. That is an exercise
of raw political power, not a dispassionate fact-finding. And, of
course, the exercise of political power doesn’t alter scientific fact.

Some of the views we are going to hear today are, in fact, viewed
by many in the field as outliers, not as mainstream scientific
thought. The fact that the majorlty has allowed three individuals
to purport to represent this as clearly established science, views
that are clearly a marginal view in the scientific community, will
create a false and misleading record.

The fact that the minority has been limited to one witness only
demonstrates just what a farce these hearings are. Yes, I know we
could have invited our own medical and scientific expert, but that
would have been at the expense of hearing from an actual woman
who can provide a real-world look at the impact this legislation will
have on real families.

I know we could have invited the Delegate from the District of
Columbia, the only Member of this body elected to represent the
only Americans who would be directly affected by this bill, but that
would have to be at the expense of hearing either from a person
with real experience in this area, or from a medical expert and a
scientific expert with more mainstream views. The exclusion of Del-
egate Norton, who is relegated to sitting in the audience today—
and I want to welcome her and apologize for the rudeness my Re-
publican colleagues are showing a colleague by refusing her request
to be heard—is yet another example of that abuse of power.

Yes, the Constitution gives Congress plenary power over the Dis-
trict, something that we can and should remedy, and have rem-
edied to some extent in the District of Columbia Governance Act,
but are ignoring today, but just because we have the power to im-
pose our will on people who have no voice does not make it right
or moral.

As I have said in the past, never in my 20 years as a Member
of this body have I seen a colleague treated so contemptuously. The
gentlewoman from the District of Columbia is a Member of this
body, and the people she represents are taxpaying American citi-
zens who serve in our military; respond when one of us has an
emergency requiring police, fire, or EMT services; and serve as con-
gressional staff, without whom we could not do our work. And yet
this Committee cannot be bothered to take 5 minutes to hear our
colleague who will not be permitted to vote on this bill.

The District of Columbia is not a colony, it is part of the United
States, and its people are entitled to be treated with the same re-
spect that we demand for the people we represent, and it is uncon-
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scionable that she is not permitted to testify other than as the one
minority witness.

I ask unanimous consent to place the gentlewoman’s statement
in the record.

Mr. FRANKS. Without objection.

[The prepared statement of Ms. Norton follows:]

ELEANOR HOLMES NORTON

COMNETYES ON OVERSIGHT
Disrier or Cotirytia AND GO e FONRY

COMMITYES ON
TRANSPORTATION ANG
INFRASTRUCTURE

SUBCOMMITIERS:

58, POSTAL
RPOLICY

FEDERAL WORKFORC
SERVICE AN LAY

75 0P e Qﬁiﬁ%&%s N N X\NDHN&\NC!ALMAN/:‘G‘EMENX
st (Conaress of the Wnited States
ey e House of Repregentatibes

THashington, WBE 205181501

STATEMENT OF
CONGRESSWOMAN ELEANOR HOLMES NORTON
OF THE DISTRICT OF COLUMBIA.
ONH.R. 3803, THE DISTRICT OF COLUMBIA PAIN-CAPABLE UNBORN CHILD PROTECTION ACT
House CoMMITTEE ON THE JUDICTARY, SUBCOMMITTEE ON THE CONSTITUTION
May 17,2012

‘What matters in the submission of this testimony is what H.R. 3803 and this
subcomihittes ate attempting to do to the citizens 1 represent, and, therefore, 1 submit this
testimony as part of my vesponsibility to them, and ask that it be included in the record of today’s
heating, However, my constituents would also count on'me to note for the record the
subcommittee’s callous disregard of long-standing congressional courtesy in denying my request
to testify, in-addition to the invited witnesses, patticularly considering that the subject matter
under consideration affects only my district, Unlike every member of this subcommittes, Lam
elected by, and am accountable to, the residents of the District of Columbia.

This s the second time in the T12th Congress that the majority has focused exclusively
onmy district while denying my request to testify, How very easy it is for the majority to gang
up on the District of Columbia after supporting the continuing denial of its tax-paying citizens to
representation in the House-and Senate. How irresistible it has been to pick on the District of
Columbia and-its citizens withnot one but two bills that-the majority dares not try to apply to all
citizens of the United States. The lack of courage of the majority’s convictions is breathtaking,
Common-courtesy and the congressional tradition of comity and respect demand that the
Member-elected to speak for the only Americans affected by a bill be-allowed to speak for them,
regardless of other witnesses who may speak to the underlying issue. Last year, | was denied fo
speak on HLR: 3; a bill that would permanently prohibit.only one jurisdiction, the District of
Columibia, from spending its Tocal funds on abortions for low-income women. “Today it is FL.R.
3803, which would bar the:-women of only one-distriet, the District-of Columbia, from having
abortions after 20 weeks of pregnancy. Fortunately, the majority has niot yet found a way to
completely silence our residents. I thank the minority for inviting Professor Chuisty Zink, who
has-agreed to speak for us, as-few others could, as a mother whose tragic experience compelled
an abortion after 20 weeks into her pregnancy.,

Some aie debating whether Republicans hiave been engaging i a “wat on woten™ it oug
country. What isnot debatable is the Republican fixation on the women of the District of
Colunibia. The Republican majority, which was elected on a promise of jobs and devolving )
power to state-and local governments, brought the federal goveriment (and with it, the Districtof
Columbia government) to within an hour of shutting down in April 2011, and relented only after
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it succeeded in re-imposing an undemocratic rider on-a spending bill that prohibits the District-of
Columbia from spenditig its own local funds on abortions for low-income women. Although the
abottion rider remains in place today, it has not satisfied the apparently insatiable hunger of
Republicans to expand the reach of the federal governnient into local affairs. Today, they are
moving from interfering with the decisions of fow-income women in the District of Columbia, to
attacking every woman. in the District of Columbia,

H.R. 3803 is unprincipled twice over. Itis the first bill'ever introduced in Congress that
would deny constitutional rights to the citizens-of only one jurisdiction in the United States, and
it is the first bill ever introduced in Congress that would ban abortions after twenty weeks 6f
preguancy: Republicans claim that the bill does not-usurp local authority because Congress has
Jurisdiction over the District of Columbia. However, that argument has been unavailing for 39
years, since Congress gave up that power over the Distriet of Columbia, except for.a small
number of enumerated exceptions, with passage of the Home Rule Act of 1973, The right to
reproductive choice was not among those exceptions.

The supporters of HR. 3803 surely know that it is unconstitutional on two counts, The
‘bill violates the reproductive rights spelled out it Roev. Wade, as-well as the 14th Amendment
right to-equal treatient under the law by intentionally discriminating against women who live in
the nation’s capital. D.C. residents are used to Members pilinig on, but we will never hesitate to
fight back, especially when Members have the-audacity to try to place our citizens outside the
protections of the U.S. Constitution, as H.R.3803 does. As the Supreme Coutt said in Callan v,
Wilson, “There is nothing in the history of the Constitution or of the originial amendments to
Justify the assertion that the'people of thfe] District fof Columbia] may be lawfully deprived of
the benefit of any of the constitutional guarantees of life, liberty, and property.”

Why, then, a hearing today ot a bill that violates the right to reproductive freedom; equal
protection, and federalism all at once? The answers are inescapable. Republicans donot dare
take on the women of this country who have voting Members of the House and Senate with-a
post:20-week bawon abortions. Instead; the majority has chosen a cheap and cynical way (o
make its ideological point during an election year, With last year’s civil disobedience, DiC.
residents and officials showed that we will never accept second-class treatment of our city:
Today we want this subcommittee to know that we will never accept second-class treatment of
our citizens, either,

Mr. NADLER. Thank you.

I am not going to sit here and debate the question of fetal pain,
except to note that even Dr. Anand, who is cited in the majority
witness testimony and hearing memo and was called by the major-
ity to testify before this Subcommittee in 2005, told us, and I quote,
“I think the evidence for and against fetal pain is very uncertain
at the present time. There is consensus in the medical and sci-
entific research community that there is no possibility of pain or
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pain perception in the first trimester. There is uncertainty in the
second trimester,” unquote.

The Journal of the American Medical Association concluded that,
quote, “Evidence regarding the capacity for fetal pain is limited,
but indicates that fetal perception of pain is unlikely before the
third trimester.”

The Royal Academy of Obstetricians and Gynecologists con-
cluded, quote, “It can be concluded that the fetus cannot experience
pain in any sense prior to 24 weeks gestation,” closed quote.

Are we really going to take sides in this scientific debate by
jailing and bankrupting people who don’t agree, or actually agree
with the majority of the scientific community? Because that is
about what this bill would do. Similarly, the claim that abortion is
never necessary to protect the woman’s health is simply not one
that is widely held in the medical profession, and the idea that we
should be enshrining these marginal views into the criminal code
defies reason.

There are many difficult issues that we should deal with and
deal with in a more serious and exhaustive manner, but I guess if
you have the votes, and the Constitution gives you imperial pow-
ers, what the heck.

And one additional problem with this bill: The bill is facially un-
constitutional. The Supreme Court has told us in many cases that
we have no authority to ban abortion in the second trimester; e.g.,
20 weeks. And we have no authority to ban abortion without a
health exception, not just the life exception for the mother, which
this bill does.

I find it deeply disturbing that when it comes to issues like this,
some people think there is nothing wrong with making families in
crisis have the courage of legislators’ convictions. That is just
wrong. We hear a lot of rhetoric about freedom, but here we are
telling women they have no freedom to make their own decisions;
we will make their decisions for them because we know the moral-
ity, we know the right, we know the religion, and to heck with
what they think, and to heck with what they believe, and to heck
with what their religion tells them. That is wrong.

Mr. Chairman, I yield back the balance of my time.

Mr. FRANKS. Thank you, Mr. Nadler.

Mr. FRANKS. Let me, before we begin, comment briefly on the
issue of Delegate Norton. Per our usual procedures, the Repub-
licans are allowed to invite three witnesses to the hearing, and the
Democrats are allowed to invite one. This is not a departure. When
the Democrats were in charge, this is exactly the proportion that
was always used.

The Ranking Member has complete discretion regarding whom
the Democrats witnesses will be, and in this case the Ranking
Member chose Ms. Zink. We do not have a tradition, policy, or
practice of deviating from our normal practice of allowing the mi-
nority a proportionate number of witness invitations. Ranking
Member Nadler had the opportunity to invite one witness to this
hearing. He chose Ms. Zink, a resident of Washington, D.C. He had
every opportunity to invite Delegate Norton as his witness. He
chose not to.
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But any written submission by Delegate Norton will, of course,
be made part of the hearing record per our usual procedures, and
we welcome her contributions, and I would certainly invite Dele-
gate Norton to sit on the dais here with us. Our Committee policy
prevents noncommittee members from being recognized for any
purpose, but she is certainly welcome to sit with us, and I extend
that invitation with every goodwill in my heart.

Mr. NADLER. Mr. Chairman?

Mr. FRANKS. With that, Ms. Norton, would you like to sit on the
dais with us?

Ms. NorTON. Thank you, no.

Mr. FRANKS. All right. I understand.

So I thank the gentleman.

Mr. NADLER. A point of clarification.

Mr. FRANKS. Sure.

Mr. NADLER. Mr. Chairman, the Ranking Member—I, of course,
had the right to pick one delegate—one witness. However, when we
were in—when the Democrats were in charge, and frankly on other
Committees today, when a colleague wishes to testify, that col-
league is afforded a separate panel, or colleagues are afforded a
separate panel, and is not counted as the one witness for the mi-
nority. We had a choice.

Mr. FRANKS. I am going to require the time back here. The re-
ality

Mr. NADLER. I would like to finish my statement on this.

Mr. FRANKS. All right.

Mr. NADLER. We had a choice. It is wrong to impose a choice on
us when legislation affects a specific district. If this were the
Transportation Committee, and we were having a debate over a
bridge in Oshkosh, we would, of course, invite the Representative
from Oshkosh to testify, and that wouldn’t count against in the
normal panel. And that had been our practice. It was our practice
in the past. It ought to be the practice. It is disrespectful to the
District otherwise.

Mr. FRANKS. The gentleman knows that every piece of legislation
affects many different Members of this Congress. If we were to fol-
low the gentleman’s suggestion, the room would be full of Members
of Congress. And I would just suggest that the gentleman knows
that there is no deviation from any rules that we have had pre-
vious to today. This is exactly the same rules as always. And the
gentleman knows that, and I am afraid that we are approaching
an effort to change the subject here. The gentleman said he did not
wish to debate pain for the unborn child, and that is indeed the
subject of this hearing.

So I thank the gentleman and the Ranking Member of the full
Committee. Let us see, we don’t have anyone else.

So we are going to move on to witness introductions right now.
And I would introduce first Dr. Anthony Levatino. Am I saying
that right? He is a board-certified obstetrician/gynecologist. In his
32-year career, he has practiced obstetrics and gynecology in both
private and university settings, including as an associate professor
of an OB-GYN—of OB-GYN at Albany Medical College.

Thank you for being here, sir.

Dr. Colleen Malloy, or Malloy?
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Dr. MALLOY. Malloy.

Mr. FRANKS. Malloy—serves as assistant professor in the division
of neonatology in the Department of Pediatrics at Northwestern
University Feinberg School of Medicine.

Dr. Byron Calhoun serves as a professor and vice chair of the de-
partment of obstetrics and gynecology at West Virginia University,
Charleston. Dr. Calhoun has a specialty in caring for high-risk
pregnancies.

Thank you for being here, Dr. Calhoun.

Our final witness, is Christy Zink, a resident of Washington,
D.C. And thank you for being here, Christy.

I thank all of the witnesses for appearing before us today. Each
of the witnesses’ written statements will be entered into the record
in its entirety.

I ask that each witness summarize his or her testimony in 5
minutes or less, and to help you stay within that time, there is a
timing light on your table. When the light switches from green to
yellow, you will have 1 minute to conclude your testimony. When
the (liight turns red, it signals that the witness’ 5-minutes have ex-
pired.

And before I recognize the witnesses, it is the tradition of this
Subcommittee that they be sworn. So if you will please stand to be
sworn.

[Witnesses sworn.]

Mr. FRANKS. Thank you. Please be seated.

Also, the witnesses, please turn your microphone on before
speaking. We have a lot of fun with that.

And I would now recognize our first witness Mr. Levatino—Dr.
Levatino for 5 minutes.

TESTIMONY OF ANTHONY LEVATINO, M.D.,
OBSTETRICS AND GYNECOLOGY

Dr. LEVATINO. Chairman Franks and distinguished Members of
the Subcommittee, my name is Anthony Levatino. I am a board-
certified obstetrician/gynecologist. I received my medical degree
from Albany Medical College in Albany, New York, in 1976, and
completed my OB-GYN residency at Albany Medical Center in
1980. Over my 32-year career, I have been privileged to practice ob-
stetrics and gynecology in both private and university settings, and
from June 1993 until September 2000, I was an associate professor
of OB-GYN at Albany Medical College, serving at different times
as the medical student director and residency program director. I
have also been in private practice and currently operate a solo gyn-
ecology practice in Las Cruces, New Mexico.

Thank you for the invitation to address this issue.

During my residency training during the first—and during my
first 5 years of private practice, I performed both first- and second-
trimester abortions. During my residency years, second-trimester
abortions were typically performed using saline infusions or occa-
sionally prostaglandin instillation techniques. These procedures
were difficult, expensive, and necessitated the patients go through
labor to expel their preborn children.

By 1980, at the time I entered private practice first in Florida
and then in upstate New York, those of us in the abortion industry
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were looking for a more efficient method of second-trimester abor-
tion. We found that suction dilatation evacuation, or suction D&E
for short, offered clear advantages over the older instillation meth-
ods. The procedure was much quicker and never ran the risk of a
live birth.

Understand that my partner and I were not running an abortion
clinic. We practiced general obstetrics and gynecology, but abortion
was definitely a part of our practice. Relatively few gynecologists
in upstate New York would perform such a procedure at the time,
and we saw an opportunity to expand our abortion practice. I per-
formed first-trimester suction dilatation and curettage abortions in
my office up to 10 weeks from last menstrual period and later pro-
cedures in an outpatient hospital setting.

From 1981 through February 1985, I performed approximately
1,200 abortions. Over 100 of them were second-trimester D&E pro-
cedures up to 24 weeks of gestation from last menstrual period,
equivalent to 22 weeks postfertilization age.

As an aside, the last menstrual period dating system and
postfertilization dating systems are equally valid, and both are
found in the practice of medicine and in mainstream medical lit-
erature. Most, if not all, embryology textbooks, for example, typi-
cally date fetal development in terms of days or week
postfertilization. In clinical obstetrics we use the last menstrual pe-
riod system. Both are valid. It is only necessary that one specify
which system is utilized, and H.R. 3803 does that. Any competent
physician can read the definitions in H.R. 3803 and understand ex-
actly where that cut-off line is.

Imagine, if you can, that you are a prochoice obstetrician/gyne-
cologist like I was. Your patient today is 24 weeks pregnant, meas-
ured last menstrual period as obstetricians typically do. At 24
weeks from last menstrual period, her uterus is two finger
breadths above her umbilicus. If you could see her baby, which
would be easy on an ultrasound, that baby would be as your hand
plus a half from head to rump, not counting the legs.

Your patient has been feeling her baby kick for the last month
or more, and now she is asleep on an operating room table, and you
are there to help her with her problem pregnancy. The first task
is to remove the laminaria that had earlier been placed in the cer-
vix, the opening to the uterus, to dilate it sufficiently to allow the
procedure that you are about to perform.

With that accomplished, direct your attention to the surgical in-
struments arranged on the right. The first instrument you will
need is a 14 French suction catheter. I brought one along so you
don’t have to imagine it. It is about 9 inches long. It is clear plastic,
and there is an opening through the center of it.

Picture yourself, if you can, taking this instrument and intro-
ducing it through the cervix, and instructing your circulating nurse
to turn on the suction machine. What you will see is pale yellow
fluid running through this through the tubing into the suction ma-
chine. That was the amniotic fluid that was there originally to pro-
tect the baby.

You are next going to need a Sopher clamp. It is about 13 inches
long, it is stainless steel, and the jaw on this is composed of rows
of sharp teeth. You introduce this instrument blindly and start
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pulling off limbs. Feel yourself grabbing and pulling hard, and I do
mean hard, and out pops an arm about that long, which you put
down next to you. Follow that by a leg, just as long, and then you
tear out the intestine, the spine, heart and lungs.

The difficult part of the procedure is the head, which is about the
size of a plum. You know you have got it right if you—again, this
is blind—but you know you have got it right if your instrument is
spread about as far as it can go. And you have got ahold of this,
and you know you did it right if you crush down and a white mate-
rial runs out of the cervix. That was the baby’s brains. Then you
will pull out scull pieces. Many times a little face will come back
and stare back at you.

Congratulations. You have just successfully performed a D&E
abortion. And if you think that doesn’t hurt, if you believe that that
isn’t an agony for this child, please think again.

Mr. FRANKS. Thank you, Dr. Levatino.

[The prepared statement of Dr. Levatino follows:]
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Chairman Franks and distinguished members of the subcommittee, my name is Anthony
Levatino. Tam a board-certified obstetrician gynecologist. Ireceived my medical degree from
Albany Medical College in Albany, New York in 1976, and completed my OB-GYN residency
training at Albany Medical Center in 1980. In my 32-year career, | have been privileged to
practice obstetrics and gynecology in both private and university settings. From June 1993 until
September 2000, I was associate professor of OB-GYN at the Albany Medical College, serving
at different times as both medical student director and residency program director. Ihave also
dedicated many years to private practice and currently operate a solo gynecology practice in Las
Cruces, New Mexico. 1appreciate your kind invitation to address issues related to the District of
Columbia Pain-Capable Unborn Child Protection Act (H.R. 3803).

During my residency training and during my first five years of private practice, 1
performed both first and second-trimester abortions. During my residency years, second-
trimester abortions were typically performed using saline infusion or, occasionally, prostaglandin
instillation techniques. These procedures were difficult, expensive and necessitated that patients
go through labor to expel their pre-bom children. By 1980, at the time T entered private practice
first in Florida and then in upstate New York, those of us in the abortion industry were looking
for a more efficient method of second-trimester abortion. We found that the "Suction dilation
and evacuation" procedure (or "Suction D&E") offered clear advantages over older installation
methods. The procedure was much quicker and never ran the risk of a live birth.

Understand that my partner and I were not running an abortion clinic. We practiced
general obstetrics and gynecology, but abortion was definitely part of that practice. Relatively
few gynecologists in upstate New York would perform such a procedure at the time, and we saw
an opportunity to expand our abortion practice. 1 performed first-trimester suction dilation and
curettage abortions in my office up to 10 weeks from last menstrual period and later procedures
in an outpatient hospital setting. From 1981 through February 1985, T performed approximately
1200 abortions. Over 100 of them were second-trimester Suction D&E procedures up to 24
weeks gestation, by which I mean 24 weeks from the first day of the woman's last menstrual
period (LMP), which is equivalent to 22 weeks post-fertilization age.

1
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As an aside, both the LMP dating system and the post-fertilization dating system are
equally valid and both are found in the practice of medicine and in mainstream medical
literature. Most if not all embryology textbooks, for example, typically date fetal development in
terms of days or weeks post-fertilization. In clinical obstetrics we use the LMP system. Both
are perfectly valid. Tt is only necessary that one specify which system is being utilized, and HR.
3803 does that. Any competent physician can read the definitions in H.R. 3803 and understand
exactly where the cut off line is.

Tmagine, if you can, that you are a pro-choice obstetrician/gynecologist like T once was.
Your patient today is 24 weeks pregnant (LMP). At twenty-four weeks from last menstrual
period, her uterus is two finger-breadths above the umbilicus. If you could see her baby, which
is quite easy on an ultrasound, she would be as long as your hand plus a half, from the top of her
head to the bottom of her rump, not counting the legs. Your patient has been feeling her baby
kick for the last month or more, but now she is asleep on an operating room table and you are
there to help her with her problem pregnancy.

The first task is to remove the laminaria that had earlier been placed in the cervix, the
opening to the uterus, to dilate it sufficiently to allow the procedure you are about to perform.
With that accomplished, direct your attention to the surgical instruments arranged on a small
table to your right. The first instrument you reach for is a 14-French suction catheter. It is clear
plastic and about nine inches long. It has a bore through the center approximately % of an inch
in diameter. Picture yourself introducing this catheter through the cervix and instructing the
circulating nurse to turn on the suction machine, which is connected through clear plastic tubing
to the catheter. What you will see is a pale yellow fluid the looks a lot like urine coming through
the catheter into a glass bottle on the suction machine. This is the amniotic fluid that surrounded
the baby to protect her.

With suction complete, look for your Sopher clamp. This instrument is about thirteen
inches long and made of stainless steel. At the business end are located jaws about 2 inches long
and about 1/2 an inch wide with rows of sharp ridges or teeth. This instrument is for grasping
and crushing tissue. When it gets hold of something, it does not let go. A second trimester D& E
abortion is a blind procedure. The baby can be in any orientation or position inside the uterus.
Picture yourself reaching in with the Sopher clamp and grasping anything you can. At twenty-
four weeks gestation, the uterus is thin and soft so be careful not to perforate or puncture the
walls. Once you have grasped something inside, squeeze on the clamp to set the jaws and pull
hard — really hard. You feel something let go and out pops a fully formed leg about six inches
long. Reach in again and grasp whatever you can. Set the jaw and pull really hard once again
and out pops an arm about the same length. Reach in again and again with that clamp and tear
out the spine, intestines, heart and lungs.

The toughest part of a D&E abortion is extracting the baby’s head. The head of a baby
that age is about the size of a large plum and is now free floating inside the uterine cavity. You
can be pretty sure you have hold of it if the Sopher clamp is spread about as far as your fingers
will allow. You know you have it right when you crush down on the clamp and see white
gelatinous material coming through the cervix. That was the baby’s brains. You can then extract
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the skull pieces. Many times a little face may come out and stare back at you. Congratulations!
You have just successfully performed a second-trimester Suction D&E abortion.

If you refuse to believe that this procedure inflicts severe pain on that unborn child,
please think again.

Before T close, T want to make a comment on the claims that T often hear that we must
keep abortion legal in order to save women’s lives, or prevent grave physical health damage, in
cases of acute conditions that can and do arise in pregnancy. Albany Medical Center, where 1
worked for over seven years, is a tertiary referral center that accepts patients with life-threatening
conditions related to or caused by pregnancy. I personally treated hundreds of women with such
conditions in my tenure there. There are several conditions that can arise or worsen, typically
during the late second or third trimester of pregnancy, that require immediate care. In many of
those cases, ending or “terminating” the pregnancy, if you prefer, can be life saving, but
"terminating a pregnancy"” does not necessarily mean "abortion." I maintain that abortion is
seldom if ever a useful intervention in these cases.

Here is why: Before a Suction D&E procedure can be performed, the cervix must first be
sufficiently dilated. Tn my practice, this was accomplished with serial placement of laminaria.
Laminaria is a type of sterilized seaweed that absorbs water over several hours and swells to
several times its original diameter. Multiple placements of several laminaria at a time are
absolutely required prior to attempting a suction D&E. In the mid-second trimester, this requires
approximately 36 hours to accomplish. If one were to use the alternate method defined in federal
law as Partial-Birth Abortion (but now generally banned), this process requires three days, as
explained by Dr. Martin Haskell in his 1992 paper that first described this type of abortion.

In cases where a pregnancy places a woman in danger of death or grave physical injury, a
doctor more often than not doesn’t have 36 hours, much less 72 hours, to resolve the problem.
Let me illustrate with a real-life case that I managed while at the Albany Medical Center. A
patient arrived one night at 28 weeks gestation with severe pre-eclampsia or toxemia. Her blood
pressure on admission was 220/160. A normal blood pressure is approximately 120/80. This
patient’s pregnancy was a threat to her life and the life of her unborn child. She could very well
be minutes or hours away from a major stroke. This case was managed successfully by rapidly
stabilizing the patient’s blood pressure and “terminating” her pregnancy by Cesarean section.
She and her baby did well. This is a typical case in the world of high-risk obstetrics. In most
such cases, any attempt to perform an abortion “to save the mother’s life” would entail undue
and dangerous delay in providing appropriate, truly life-saving care. During my time at Albany
Medical Center I managed hundreds of such cases by “terminating” pregnancies to save mother’s
lives. In all those cases, the number of unborn children that 1 had to deliberately kill was zero.
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Mr. FRANKS. Dr. Malloy, you are recognized now for 5 minutes.

TESTIMONY OF COLLEEN A. MALLOY, M.D., ASSISTANT PRO-
FESSOR, DIVISION OF NEONATOLOGY/DEPARTMENT OF PE-
DIATRICS, NORTHWESTERN UNIVERSITY FEINBERG SCHOOL
OF MEDICINE

Dr. MALLOY. I am here today to talk to you as a neonatologist
about fetal pain.

We have gone over the dating systems. It is very important to
differentiate between the postfertilization age and the last men-
strual period dating. I am here because it is easy for me to imagine
these babies at 20 or 24 weeks postfertilization age because they
are my patients in the NICU.

So at 21 postfertilization age, for example, it is a 53 percent sur-
vival to discharge to home, published in June of 2009. This is an-
other example of a chart showing the survival to discharge in Pedi-
atrics 2010: Postfertilization age at 20 weeks, only 6 percent; 21
weeks, 25 percent; and at 22 weeks, over half of those babies sur-
vive to go home. And our hospital data is very similar. The 22- to
24-week post-fertilization age data, 80 percent of those babies dis-
charge to home.

So these are some pictures of what the babies look like in utero
14 weeks post-fertilization through 22 weeks postfertilization. You
can see the detail in the face. You can see the movements that 4-
D ultrasounds that we have now are realtime images. The baby is
kicking, moving, sucking their thumb, doing all things babies do in
a smaller state. A picture of a 20-week postfertilization baby here,
and these are my patients. This is that same infant when they are
born and when we take care of them every day in our NICU.

This is a 22-week postfertilization baby. Very common, 24-week
LMP baby in our NICU. We take care of these babies all the time.
They survive, they do well, and go home.

This baby is 25 weeks by LMP. Survival rate is upwards of 85
percent. When we have a 25-week baby at our NICU, the assump-
tion is the baby will do well, go home with mom.

So when you look at the milestones of pain development, it hap-
pens early on. Eight weeks face and skin receptors appear. Four-
teen weeks, the sensory fibers grow into the spinal cord. By 15
weeks the monoamine fibers reach the cortex, and by 20 weeks all
the pain receptors are present and linked. The cerebral cortex, at
20 weeks the fetal brain actually has a full complement of neurons
that are present in adulthood. At 20 weeks you can do EEG record-
ings on the babies. At 22 weeks we do EEGs on our patients, and
they have the same EEG patterns that you see in a neonate born
at term.

There is behavioral responses as evidence for pain. At 8 weeks
the fetus makes movements. Again, we have 4-D ultrasound that
shows 3-D images of babies kicking, moving, practically dancing in
the womb. At 20 weeks the fetus responds to sound, and many
studies’ published literature have shown that they react to stimuli
by moving away from painful stimuli, by wincing, recoiling, vig-
orous body movements. You can see it in realtime. It is like watch-
ing a movie.
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There have been studies that look at the fetus when you can
sample blood through the baby’s liver versus sampling blood
through the umbilical cord, and there is no neurons and no nerve
tissues that the baby would sense pain from the umbilical cord, but
when you take blood from a baby’s liver, it feels it. It moves away
from the needle, and the stress hormones of the baby, which are
measurable, go up by 500 percent.

So the hormonal response to pain in these babies, which I see
every day, are identical between the fetus, the premature baby,
and even the adult. The stress hormone response for a premature
infant, again, rises upwards of 500 percent. The cortisol, which is
the same hormone that we can measure in adults, is approximately
200 percent increased. And this is beginning at 18 weeks gestation
we can measure this, and have measured this and published it.

When you look at neuropeptides and pain, the neuropeptides that
help populate the signal for pain, substance P and enkephalin, I
found very early, 11 weeks and 13 weeks.

There is actually published data showing that it is the later part
of the pregnancy in which the descending inhibitory pathways of
fetal pain develop, meaning that the first part of pregnancy is actu-
ally when the pain system develops, and the latter part is when the
pain mitigating systems develop. So actually, some people believe
the fetuses feel more pain than later-born infants. And the evi-
dence that supports that is that increased concentrations of drugs
are required for sedation of premature infants.

Again, the stress hormone response is actually higher in pre-
mature infants than adults undergoing similar surgeries, such as
cardiac surgery. The pain transmitters in the spine are abundant,
and the pain-inhibiting transmitters that we all have are sparse in
the premature infant.

So again, if you look at this slide, here is the pain system devel-
oping, here is the gestation in weeks, and the pain modifying sys-
tem really doesn’t happen until later on. So they are basically just
a raw bundle of nerves in the NICU. And these are the patients
that I perform procedures on every day, and I can guarantee you
that when I put a chest tube in, or I intubate a patient, or I put
an IV in, they feel it.

This is actually a picture of a woman I had the privilege of meet-
ing who was born 23 years ago. At that time she was the smallest
surviving premie. She was 24 weeks postfertilization age. She
weighed 280 grams, less than a Coke can. And she went on to be
an honor student in college.

That same hospital in 2004 actually broke their own record. This
baby was 25 weeks LMP, weighed 244 grams, and is now doing
well in elementary school. She has a twin sister, and they are both
actually doing very well.

So in my experience as a neonatologist, I would just like to men-
tion that it is no longer a mystery what is going on in the womb,
because those same babies come to me, and I see them firsthand
every day and work with their families and, we can see how they
react to pain when we do procedures in the NICU.

One of the most basic of government principles is that the State
should protect its members from harm. Technology, imaging and
clinical neonatology enable us to know much more about fetal life
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than ever before. We now understand the fetus to be a developing,
moving, interacting member of the human family who feels pain,
just as we feel pain. If we are to be a benevolent society, we are
bound to protect the fetus. We should not tolerate the gruesome
and painful procedures being performed on the smallest of our Na-
tion.

Thank you.

Mr. FRANKS. Thank you, Dr. Malloy.

[The prepared statement of Dr. Malloy follows:]

Testimony of Colleen A. Malloy, MD
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Chairman Franks and distinguished members of the subcommittee, my name is Colleen A. Malloy. 1
serve as an assistant professor in the Division of Neonatology in the Department of Pediatrics at
Northwestern University Feinberg School of Medicine. Thank you for this opportunity to testify
regarding some of the scientific and clinical issues that are pertinent to your consideration of the
District of Columbia Pain-Capable Unborn Child Protection Act (HR. 3803).

This legislation would prohibit abortion within the District of Columbia, a federal jurisdiction,
beginning at 20 weeks fetal age. This age is equivalent to 22 weeks in the “LMP” system of dating,
which is commonly used in obstetrics and neonatology. The bill contains an exception for certain
cases in which an abortion is deemed necessary because a grave physical condition endangers the
mother's life.

With the advancement of in utero imaging, blood sampling, and fetal surgery, we now have a
much better understanding of life in the womb than we did at the time that Roe v. Wade was handed
down. Our generation is the beneficiary of new information which allows us to understand more
thoroughly the existence and importance of fetal and neonatal pain. As noted in my biography, I am
trained and board-certified in the field of neonatology. The standard of care in my field recognizes
neonatal pain as an important entity to be acknowledged, measured, and treated.

With advancements in neonatology and perinatal medicine, we have been able to push back the
age at which a neonate can be resuscitated and resuscitated successfully. When we speak of infants at
22 weeks LMP, for example, we no longer have to rely solely on inferences or ultrasound imagery,
because such premature patients are kicking, moving, reacting, and developing right before our eyes in
the Neonatal Intensive Care Unit.

In neonatology, we describe the age of neonates in terms of the last menstrual period (LMP)
dating system, which dates a pregnancy starting with day zero as the first day of the last menstrual
period. However, the actual development in the womb is commonly referred to with post-fertilization
dating. This bill utilizes the post-fertilization system of dating. These approaches are equally valid, as
long as one remembers which dating system is being employed in any particular discussion. The LMP
age is the post-fertilization age, plus two weeks. Thus, the cutoff point in this legislation is 20 weeks
after fertilization, which would be 22 weeks in the LMP system. In today’s medical arena, we
resuscitate patients at this age and are able to witness their ex-utero growth and development.

Medical advancement and technology have enabled us to improve our ability to care for these
infants.  In June 2009, the Journal of American Medical Association reported a Swedish series of over
300,000 infants. Survival to 1 year of life of live born infants at 20, 21, 22, 23, and 24 weeks post-
fertilization age was 10%, 53%, 67%, 82%, and 85%, respectively. In September 2010, Pedliatrics
reported survival to discharge rates of 9575 infants at a number of academic institutions in the US.
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The results were similar, with survival at 20, 21, 22, 23, and 24 weeks post-fertilization age being 6%,
26%, 55%, 72%, and 84%, respectively. As we provide care for all these survivors, we are able to
witness their experiences with pain. In fact, standard of care for neonatal intensive care units requires
attention to and treatment of neonatal pain. There is no reason to believe that a born infant would feel
pain any differently than that same infant were he or she still in utero. Thus, the difference between
fetal and neonatal pain is simply the locale in which the pain occurs. The receiver’s experience of the
pain is the same. I could never imagine subjecting my tiny patients to horrific procedures such as
those that involve limb detachment or cardiac injection.

There is ample biologic, physiologic, hormonal, and behavioral evidence for fetal and neonatal
pain. As early as 8 weeks post-fertilization, face skin receptors appear. At 14 weeks, sensory fibers
grow into the spinal cord and connect with the thalamus. At 13-16 weeks, monoamine fibers reach the
cerebral cortex, so that by 17-20 weeks the thalamo-cortical relays penetrate the cortex. Many authors
have substantiated that pain receptors are present and linked by no later than 20 weeks post-
fertilization. (Myers 2004; Derbyshire 2010; Anand 1987; Vanhalto 2000; Brusseau 2008;
VanScheltema 2008). In fact, by 20 weeks post-fertilization (22 weeks by LMP), the fetal brain has
the full complement of neurons that are present in adulthood (Lagercrantz H et al. /unctional
development of the brain in fetus and infant. Lakartidningan 1991;88:1880-85).

At 19-20 weeks post-fertilization, electroencephalogram (EEG) recordings are possible (Flower
MJ. Neuromaturism of the human fetus. ] Med Philos 1985;10:237-251). We have no difficulty
performing EEG studies on infants at this gestational age. At 22 weeks, continuous EEGs reflect
awake and REM sleep state typical of neonate.

In the Neonatal Intensive Care Unit, we can witness first hand the change in vital signs
associated with pain. When procedures such as IV placement or chest tube insertion are performed on
neonates at 20 weeks post-fertilization age and above, the response is similar to those seen in older
infants or children. With the advent of ultrasound including real-time ultrasound, we know that even
at 8 weeks post fertilization, the fetus makes movements in response to stimuli. At 20 weeks post-
fertilization, the fetus responds to sound, as mothers will commonly report increased fetal movement in
response to music, sirens, or alarms.

At 23 weeks in utero, a fetus will respond to pain (intrahepatic needling, for example) with the
same pain behaviors as older babies: screwing up the eyes, opening the mouth, clenching hands,
withdrawal of limbs. Tn addition, stress hormones rise substantially with painful blood puncture,
beginning at 18 weeks gestation (Giannakoulopoulos X, Sepulveda W, Kourtis P, Glover V, Fisk NM.
“Fetal plasma cortisol and beta-endorphin response to intrauterine needling,” Lancet 1994;344:77-81).
This hormonal response is the same one mounted by born infants.

In addition, use of analgesia during neonatal surgery is standard of care; any infant undergoing
fetal surgery is expected to receive appropriate pain medication as adults receive. Ina 1992 study
published in the New England Journal of Medicine, infants undergoing cardiac surgery had large
increases in adrenaline, noradrenaline, and cortisol levels. Opioid analgesia markedly reduced these
responses, as well as reduced peri-operative mortality.

Moreover, the fetus and neonate born prior to term may have an even heightened sensation of
pain compared to an infant more advanced in gestation. There is ample evidence to show that while
the pain system develops in the first half of pregnancy, the pain modulating pathways do not develop
until the second half. It is later in pregnancy that the descending, inhibitory neural pathways mature,
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which then allow for dampening of the pain experience. As reported in the British Journal of
Obstetrics and Gynecology, the ... fetus may actually be more sensitive than the older child, and
[this] may explain why the newborn shows exaggerated behavioral responses to sensory provocation”
(Br.J Obs GGyn 1999;106:881-886).

The idea that premature infants actually have greater pain sensitivity is supported by the fact
that while pain transmitters in the spinal cord are abundant early on, pain inhibiting transmitters are
sparse until later. (Anand KS, McGrath PJ, editors. Pain Research and Clinical management. Vol, 5.
Pain in neonates. Amsterdam:Elsevier 1993:19-38). In addition, compared to the older infant, the
premature infant requires greater concentrations of medications to maintain effective anesthesia. Thus,
the fetus and premature infant appear to be even more susceptible to the pain experience.

In conclusion, I have no doubt that my premature neonatal patients feel and experience pain.
Even early on, they demonstrate personalities and interact positively as well as negatively with their
environments. With our advanced “views into the womb,” we are now able to appreciate the active life
of the developing fetus as one who is engaged with his or her uterine locale. I firmly believe, as the
evidence shows, that the fetal pain experience is no less than the neonatal or adult pain experience. It
may even be greater than that which you or I would experience from dismemberment or other physical
injury.

One of the most basic of government principles is that the state should protect its members
from harm. Technology, imaging, and clinical neonatology enable us to know much more about fetal
life than ever before. We now understand the fetus to be a developing, moving, interacting member of
the human family who feels pain as we do. If we are to be a benevolent society, we are bound to
protect the fetus. We should not tolerate the gruesome and painful procedures being performed on the
smallest of our nation.
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Mr. FrRANKS. Dr. Calhoun, you are recognized for 5 minutes, sir.

TESTIMONY OF BYRON C. CALHOUN, M.D., PROFESSOR AND
VICE CHAIR, DEPARTMENT OF OBSTETRICS AND GYNE-
COLOGY, WEST VIRGINIA UNIVERSITY—CHARLESTON

Dr. CALHOUN. Chairman Franks and distinguished Members of
the Subcommittee, I am Byron Calhoun. I serve as a professor and
vice chair of obstetrics and gynecology at West Virginia University
in Charleston. I am very pleased to have this opportunity to testify
on the current issues, and am I very glad that I am able to speak
for this consideration in the District of Columbia of the Pain-Capa-
ble Unborn Act.

I understand that this would limit abortion at 20 weeks fetal
age, which is 22 weeks of LMP, which has already been discussed.
Objections have been raised about this legislation saying that it
should be permitted after 22 weeks because it is necessary and ap-
propriate and a way to deal with a fetus with significant physical
anomalies, including lethal anomalies, and I do not agree, emphati-
cally. There are other ways that are far more humane for both the
parents and the child.

My training, as noted, is in maternal-fetal medicine, which is the
care exclusively of high-risk pregnancies, and this includes care of
pregnancies, literally hundreds, with lethal anomalies. In my 25
years of practice, I have never found it necessary to terminate a
pregnancy to save the life of a mother for anomaly. I have had to
deliver multiple patients prematurely and had babies die from pre-
maturity, but I have never had to take the life of a fetus to save
the mother’s life.

In the case of the fetal anomalies, we advocate patients be of-
fered the option of perinatal hospice, which is the prenatal diag-
nosis for the terminally ill neonate in utero—excuse me, perinatal
in utero, into perinatal hospice as a continuum of end-of-life care.
Prior to the development of this concept, counseling provided par-
ents with basically one option only, and that was assumed to be
abortion, and offered no other alternatives. These were well-inten-
tioned desires to spare the mother and her family, to solve the
issue, to have the obstetrical provider do something, and perhaps
deal with the discomfort they may have with bereaved parents, and
perhaps the ill-advised avoidance of complications of pregnancy,
and also an unsubstantiated concern of maternal mortality.

Research in grief actually has shown a different picture, and, in
fact, there have been several studies show that there is actually
prolonged and significant grief after the termination of a wanted
pregnancy.

With regard to the fear of maternal mortality, the rates with in-
duced abortion at the time we are talking are about 9 to 10 per
100,000, and the rates for pregnancy—for pregnancy death overall
are about 10 per 100,000, and essentially the same mortality rate
without an increase.

To do this we basically looked at Kubler-Ross’ understanding of
death and dying, and what we have done is support and give these
patients an opportunity to be with their children in their preg-
nancy. We have used Saunders’ idea that these people feared aban-
donment, and what we provide them is a high-touch care, not nec-
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essarily high-tech. The emphasis is on affirming by care for these
children and their families, and allowing them to have the support
of medical, emotional, and spiritual needs of their family through
a multidisciplinary team.

Its emphasis is in basically not a type of care, but basically in
the amount of care, the focusing beyond the family, and not on the
fetal diagnosis. The familyis placed at the center of the care and
allowed to work through the grief and the death of their child.

Hospice preserves a time for bonding, and loving, and loss. Amy
Kuebelbeck’s writing of Waiting with Gabriel said with her son
who had a fatal anomaly, “I know some people assume that con-
tinuing a pregnancy with a baby who will die is all for nothing, but
it isn’t all for nothing. Parents can wait with their baby. They can
protect their baby and love their baby as long as that baby is able
to live. They can give that baby a peaceful life and a peaceful good-
bye. That is not nothing. That is a gift.”

One of the major clinical issues in hospices I noted was fear. Pa-
tients really fear that they are going to be abandoned by their
healthcare providers. They are also worried about pain, as was ele-
gantly described by Dr. Malloy. With the ability to have perinatal
hospice, we are able to develop birth plans, pain intervention, oxy-
gen, feeding, medications, all the care that a normal neonate would
have with the parents if they so desire through a multidisciplinary
and easily accessible hospice team.

We also provide support for anticipatory grief, and we often
shared the realistic outcomes of this pregnancy with the child with
the lethal anomaly; usually diagnose—validate the diagnosis at de-
livery; and we allow these patients to spend the maximum amount
of time with their children. We have published two series in this
case with the children with lethal anomalies and found that if of-
fered this implicitly, that between 70 and 85 percent of patients
will choose a perinatal hospice.

In spite of what has been previously stated, there is a huge
grassroots movement for this. There are now 125 perinatal hospices
in 34 of the 50 States, and there are 13 international hospices.
What had started as a small, simple idea, to promote patient-cen-
tered choice and humanity honoring care, has blossomed into a na-
tional and international movement for compassionate care for fami-
lies. We look forward to the day when all patients will be allowed
to be just patients and love their children for however long they
may tarry.

Mr. FRANKS. Thank you, Dr. Calhoun.

[The prepared statement of Dr. Calhoun follows:]
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Chairmen Franks and distinguished members of the-subcommittee, I am Byron C: Calhoun. -1
serve-as a professor and as vice chair of the Department of Obstetrics and Gynecology at West
Virginia University-Charleston. I'am pleased to have this opportunity to testify on-current issues that
may atise during your consideration of the District of Columbia Pain+Capable Unborn Child Protection
Act (H.R. 3803). ) :

As youknow, this legislation would prohibit abortion within the federal jurisdiction that it
covers, beginning at 20 weeks fetal age, which is 22 weeks in the system of dating that is commonly
employed in obstetrics, which counts pregnancy as beginning at the time of the last mienstrual period
(the "LMP" systeny). ‘The bill cosntains an exception for cetfain cases in which an abortion is deemed
necessary. because of danger to the miother's Iife.

Objections have been raised to this legisiation by some who-say that abortion should be
permitted even after 22 weeks LMP (20 weeks fetal age) because 1t is the necessary and appropriate
way to deal with a fetus with significant physical anomalies including lethal anomalies. I do not agree.
" There are other alternatives that are far more huthané for both parents and child.

My training, as.noted in my biography, involves maternal-fétal medicine; which is the care of
high risk pregnancies: This includes the care of pregnancies with lethal aromalies. In my almost 25
years of practice; I have never found it necessary fo terminate a pregnancy to save the life of the
mother for-a fetal anonialy. - have had to deliver patients prematurely and had babies die from
.- prematurity, but never had to take the life of a fetus to save the mother’s life. y

In‘the case of a fetal anomaly; we advocate patients be offered the option of the perinatal
tospice, which is the prenatal diagnosis of a terminally ill fetus in-utero leading to perinatal hospice 4s
part of the continuum of énd-of-life care. Prior to the development of perinatal hospice, the counseling
provided to parents facing such a diagnosis generally asstmed abortion ds the expected intervention,
and-offered no other alternative. There were the well-istentioned desires to “spate the mother and
family” a distressing experience, a need to. “get it over with,” an obstetrical provider’s need to “do.
somgthing™ and déal with the discomfort of bereaved patients, an ill-informied desire to avoid
complicatidns of pregnancy, and an unsubstantiated fear of increased maternal mortality.

1
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-~ Resecarch in grief after termination of prégnancy paints a much different landscape. Early, -
small studies provided an initial glimpse that termination [osses were as intense as sponitancous losses.

- Zeanah; ¢t al, 1993 reported a case-control study of 23 individuals and found a 17% (4/23) depression
‘tate and 23% (5/23) seeking psychiatric counseling at two months." A more recent study of 253
women from 2-7 years afier termination of pregnancy for fetal anomalies prior to 24, weeks by
Korenromp et al; 2005 found that pathologic-grief persnsted in'3% of patients (2/253) and that 17%
(33/253) suffered from symptoms of postiraumatic stress. Fmal}v Korenromp et al;, 2009 found
persistent and significant grief responses at 4,8, and 16 months.® At4 months 46% of women revealed
pathologic levels of posttraumatxc stress symptoms and at 16 months 21% still had pathologic levels of

* postiraymatic siress symptoms.” [ contrast, Janssen et al; 1996 published a study of 227 women with
first trimester losses compared to a conitrol group of 213 women matched for live births.*" The first 6.
mioniths showed an increased level of depression, anxiety, and somatlzanon in'the mmcamage group,
but by one:year ‘there was no'difference between the 2 groups.*

With regard to the fear of mcreased maternal moﬁahtv the mortality rates with induced
“abortion from-16-20 weeks are quotcd as.9:37/100,000 live birtlis and the rate for pregnancy related
‘mortality:is 107100, 000 live bitths. 3636, essennaily the niortality rates are the same for either of the:
management choices. . :

G Wetilized the seminal Work of Kubler-Ross on modem med}cme s understanding of death
and dymg to assist to shape cur concept.” 7 At the same timie Kubler-Ross transformed the dtscussmm .
around death. Saunders transtormed the caré of the dying with her modern hospice movement." The
~ unifying concept in hospice was.the hohst}c approach to the physical, emotional, anid spiritual support
for dying patients and their families. The essence remained freating the dying with dignity and as if
they really were alive and not yet dead, The patient and family’s fear of abandoniment could then be
“et. The philosophy of hospice has spread throughout the world, Its'care may be found in various

‘erms mxuumom “and husplce in some manuer may be found in almost every community today.

Perinatal hosplce ﬁmthes who choose to catry thelr pregnancies mwhxch the fotus has a lethal’
: ondmon possess many of the ‘same characteristics of families with a terminally ill adult or child; a
clinical scenario' in which hospice has been well accepted and a useful method of care: Many of the
~hospice principles were ‘successtully applied-in perinatal hospice: - There was an cmphaqu on affirming
1ife by care for the loved one while regarding dying as a normal proeess; a conscious effort to neither
hasten death nor prolonc dying; stressing values beyond the mere physical needs of the dying
- individual; allowing the patents fo-“parent” their child for whatever time they are allowed, and
“supporting the medical, emotional. and spiritual néeds of the family through'an organized
mulnd1sc1plmary tuam that cares for the family after the death of the loved child during the period of :
gnef

The care in perinatal hOSplCE differsin emphasis, not type of care from other mode< of perinatal
~“care. Its primary focus s on the family.-and not the fetal diagnosis. The family is pliced in the center
- of the care and there is'a continuum of support from the diagnosis, through death, and grief. - Itagrees
with Knapp.et al, that “dying involves real people; even unborn fetuses [and that] significant-
relationships ‘are disrupted and familiar bonds are severed™.” 9 Hospice preserves time for the bonding,
Joving, and loss; time for parenits to adjust to the dying process. Amy Kuebelbeck, author of Waiting
Cwith Gabriel /> a book about her own experierice With her son who had afatal form of hypoplastic left:
* heart, notes, “T know that some people assiime that continuing a’ pregnancy with a- baby who will die'is

w2
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all for riothing. But it isn't all for nothing. Parents ¢an wait with their baby, proteéct their baby, and love
their baby for as-long as that baby is able to live: T hcv can. gwe that babv a peaceful life - and a
paacefu] goodbye: That‘s not-nothing. That isa gift.”

One.of :he major clinical issues in hospice ¢are remains fear. The patients who are dying fear
abandonment; and in the same way, the perinatal hospice families fear abandonmient and Toss of
relationships during the 10ss of their ¢hild. - Hospice emphasizes they are allowed to “parent” their
child how they would like to do-so.  We discuss the support of and care for them during their
‘pregnancy, delivery, and death of their child: - Parents also fear their baby might have pain, fthey
desire comfort measures for their baby oxygen; feeding, medications; pain relief if indicated, and
wound dressings; they are assured these will be provided.- Some parents want to be seen when other
‘patients are not present and soine parents want to be with other pregnant women. Flexibility to the
parents’ wants and schedules is critical to the mahagerent of these pregnancies. Reduction of feelings

“ofiisolation and abandonment,  through multldlsuphnary and easy accessibility to the hospice team, are’
thie mainstays of perinatal hosplce cate.-

Instructxon is given in anticipatory grief as well as ways to'relate to other children in the Tamily,
friends, and family members, Often there remains a hope that the diagnosis is incorrect and that their
- child Wlll be the miracle baby who somehow survives. Gentle sharing of the realistic outcomie of the
pre gnancy isbalanced with the hope for simplified-dreams for theit baby:

The grief accompanying 4 wanted child in the perinatal loss may be miore intense than those:
with other fosses. - The lack of physical contact with, and minimal-amount time with the fetus, may
prevent: Sotnection within the family and minimize the feelings of loss. Memories built around the -
child are important in the grieving process: Frequent ultrasounds are provided of their baby, and, other
family members are invited to attend; particularly. grandparents and siblings, to come and see the baby.

* Seeing the baby cements the relationship and bond with the family and the child. ' Video tapes may be
recorded for the famﬂy as the only living memories of their chﬂd

Dehverv plans are:covered in detail with the parents. Ttis especxally necessa:y for the parents
to chLgn their own birthing plan including a possible live birth. This may include fetal monitoring ,
which we usually do not recommend, unless the parents agree to possible cesarean delivery. Cesarean
dehvery may be offered in the cvent the parents want to see and hold their living child.  If the parents
ate adcqmtely counseled regarding the incredsed matemal risk for cesatean dehver\ we will provide
th}S service. -

Diagn051s is validated at delivery and the famﬂv al]owed to <pcnd Faaximium timeé with their
child: The time allows parents (0 contribute something special 1o theit child’s life and to let family
members hold the infant and even perform its first {and maybe only) bath.: The neonatal tcam may
commue hospice care as well. . ;

W < have puh.lshed twoprevious case series in perinatal hospice in diverse medical
envitonments: a military medical center and a community based teitiary. care medical center. 125 Oue
“firstiser s\pubhshed 2003 review our experierice witha military population where we discussed 33
'pdllLﬁtb ehg1ble for perinatal hospice care. Qut of the 33 patierits, 28 (85%) chose hospice care. Zye
had 2 61% (17/28) live birth tate: 12 vaginal deliveries with 4 pretérm (<37 weeks) and 8 term; and 5
“Gesarean deliveries (18% ot '5/28).12 "In our subsequent paper at a civilian tertiary care center we had
598 pat}ents ehgxble fm perinatal hospice with 75% (21/28) choosing hospxce 3 Qut of our 21 patients

3
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who chose hospice we had a 76% live birth rate (16/21) with 15 vaginal deliveries.. Four of the
deliveries were preterm (before 37 weeks) and 11 were full term. 'We had one cesaréan section (1/21-.
“or:5%) for maternal request of a.live born baby. All our live born babies lived inn the combined series
(33:total live born) from 20 minutes to 256 days (one trisomy13).  The majority of the néonates
“expired within 24 Hours.'>™ There were no maternal morbidities or miortatities i either of our series.
ThlS replicates previous authors® experience. 1

The publication of our two case series provided the necessary clinical support for perinatal
hospice demonsirating no increase in either maternal mottality or morbidity. A nuniber of educational
- presentations have also been presented in various venues in'support of the development of petinatal
hospice. To date 125 perinatal hospices in 34 of the United States and 13-intctnational hospices have
been created.”’ What started as a small, simple idea to promote patient-centered choice and humanity
honorinig care, has blossomed into a nalxonal and-international movement for compassionate care for
families. :

We look forward to the day when all parents will be allovvcd to juét be parents”™ and love their
children for however long they may tarry.
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Mr. FRANKS. And, Miss Zink, you are now recognize for 5 min-
utes.

TESTIMONY OF CHRISTINE (CHRISTY) ZINK, WASHINGTON, DC

Ms. ZINK. Good afternoon, Mr. Chairman, Representative Nadler,
and other Members of the Committee. My name is Christy Zink.
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I, like many women in the Washington, D.C., area, am a mother.
Almost every day I rush around to get two kids woken up, dressed
and out the door. Between my 5-year-old daughter and 11-month-
old son, there are backpacks, diaper bags, milk bottles, juice boxes,
lunch boxes, permission slips, and stuffed bunnies. There are also
the mysterious hunt for two matching shoes and the eternal battle
to actually get those shoes on two matching feet. I, like so many
women, work diligently to balance family and work, and I feel
lucky to have this challenge.

In addition to my two children, I was also pregnant in 2009. I
would often wonder about whose eyes the baby might have, and
who my child might grow up to be. I was looking forward to the
ultrasound when we would get a chance to have a look at the baby
in utero. I certainly hadn’t anticipated that my husband and I
would have to make the most difficult decision of our lives.

I took extra special care of myself during this pregnancy. I re-
ceived excellent prenatal attention. Previous testing had shown a
baby growing on target with the limbs and organs all in working
order. However, when I was 21 weeks pregnant, an MRI revealed
that our baby was missing the central connecting structure of the
two parts of his brain. He specialist diagnosed the baby with agen-
esis of the corpus collosum.

What allows the brain to function as a whole was simply absent,
but that wasn’t all. Part of the baby’s brain had failed to develop.
Where the typical human brain presents a lovely rounded sym-
metry, our baby had small globular splotches. In effect, our baby
was also missing one side of his brain.

I am fortunate to live in Washington, D.C., because my husband
and I were able to consult some of the best radiologists, neurolo-
gists, and geneticists not just in our city or in the country, but in
the world. We asked every question we could. The answers were far
from easy to hear, but they were clear. There would be no miracle
cure. His body had no capacity to repair this anomaly, and medical
science could not solve this tragedy.

Our baby’s condition could not have been detected earlier in my
pregnancy. Only the brain scan could have found it. The prognosis
was unbearable. No one could look at those MRI images and not
know instantly that something was terribly wrong. If the baby sur-
vived the pregnancy, which was not certain, his condition would re-
quire surgeries to remove more of what little brain matter he had
in order to diminish what would otherwise be a state of near-con-
stant seizures.

I am here today to speak out against the so-called Pain-Capable
Unborn Child Protection Act. Its very premise that it prevents pain
is a lie. If this bill had been passed before my pregnancy, I would
have had to carry it to term and give birth to a baby whom the
doctors concurred had no chance of a life and would have experi-
enced near-constant pain. If he had survived the pregnancy, which
was not certain, he might never have left the hospital. My daugh-
ter’s life, too, would have been irrevocably hurt by an almost al-
ways absent parent.

The decision I made to have abortion at almost 22 weeks was
made out of love and to spare my son’s pain and suffering. I am
horrified to think that the doctors who compassionately but objec-
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tively explained to us the prognosis and our options for medical
treatment and the doctor who helped us terminate the pregnancy
would be prosecuted as criminals under this law for providing basic
medical care and expertise.

I live and work in Washington, D.C. My husband and I own a
house here. We vote, and we believe in the democracy at the heart
of this country. It is unconscionable that someone would come into
my city from the outside and try to impose a law that doesn’t rep-
resent the best interests of anyone, especially families like mine.
This proposed law is downright cruel as it would inflict pain on the
families, the women, and the babies it purports to protect.

It is in honor of my son that I am here today speaking on his
behalf. And I am also fighting for women like me to have the right
to access abortion care when we need to beyond 20 weeks, espe-
cially for those women who could never imagine they would have
to make this choice. I urge you not to pass this harmful legislation.

Mr. FRANKS. Thank you, Ms. Zink.

[The prepared statement of Ms. Zink follows:]
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Prepared Statement of Christine (Christy) Zink, Washington, DC

Good afternoon. Mr. Chairman, Representative Nadler, and other members of
the committee. My name is Christy Zink. |, like many women in the Washington,
DC area, am a mother. AlImost every day, | rush around to get two kids woken
up, dressed, and out the door. Between my five-year-old daughter and eleven-
month-old son there are backpacks, diaper bags, milk bottles, juice boxes, lunch
boxes, permission slips, and stuffed bunnies. There are also the mysterious hunt
for two matching shoes and the eternal battle to actually get those shoes on two
matching feet.

I, like so many women, work diligently to balance family and work and | feel lucky
to have this challenge.

In addition to my two children, | was also pregnant in 2009. | would often wonder
about whose eyes the baby might have and who my child might grow up to be. |
was looking forward to the ultrasound when we would get a chance to have a
look at the baby in utero. | certainly hadn’t anticipated that my husband and |
would have to make the most difficult decision of our lives.

| took extra special care of myself during this pregnancy. | received excellent
prenatal attention. Previous testing had shown a baby growing on target, with the
limbs and organs all in working order. However, when | was 21 weeks pregnant,
an MRI revealed that our baby was missing the central connecting structure of
the two parts of his brain. A specialist diagnosed the baby with agenesis of the
corpus callosum. What allows the brain to function as a whole was simply
absent. But that wasn't all. Part of the baby’s brain had failed to develop. Where
the typical human brain presents a lovely, rounded symmetry, our baby had
small, globular splotches. In effect, our baby was also missing one side of his
brain.

We are fortunate to live in Washington, DC, because we were able to consult
some of the best radiologists, neurologists, and geneticists not just in our city or
in the country, but in the world. We asked every question we could. The answers
were far from easy to hear, but they were clear. There would be no miracle cure.
His body had no capacity to repair this anomaly, and medical science could not
solve this tragedy.

Our baby’s condition could not have been detected earlier in my pregnancy. Only
the brain scan could have found it. The prognosis was unbearable. No one could
look at those MRI images and not know, instantly, that something was terribly
wrong. If the baby survived the pregnancy, which was not certain, his condition
would require surgeries to remove more of what little brain matter he had in order
to diminish what would otherwise be a state of near-constant seizures.

I am here today to speak out against the so-called Pain-Capable Unborn Child
Protection Act. It's very premise—that it prevents pain—is a lie. If this bill had
been passed before my pregnancy, | would have had to carry to term and give



78

birth to a baby whom the doctors concurred had no chance of a life and would
have experienced near-constant pain. If he had survived the pregnancy—which
was not certain—he might have never left the hospital. My daughter’s life, too,
would have been irrevocably hurt by an almost always-absent parent.

The decision | made to have an abortion at almost 22 weeks was made out of
love and to spare my son’s pain and suffering.

I am horrified to think that the doctors who compassionately but objectively
explained to us the prognosis and our options for medical treatment, and the
doctor who helped us terminate the pregnancy, would be prosecuted as criminals
under this law for providing basic medical care and expertise.

| live and work in Washington, DC. My husband and | own a house here, we
vote, and we believe in the democracy at the heart of this country. It is
unconscionable that someone would come into my city from the outside and try
to impose a law that doesn’t represent the best interests of anyone, especially
families like mine. This proposed law is downright cruel, as it would inflict pain on
the families, the women, and the babies it purports to protect.

It's in honor of my son that I'm here today, speaking on his behalf. | am also
fighting for women like me, to have the right to access abortion care when we
need to beyond 20 weeks—especially for those women who could never imagine
they’'d have to make this choice. | urge you not to pass this harmful legislation.
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Mr. FRANKS. I now recognize myself for 5 minutes to begin ques-
tioning.

And, Dr. Levatino, I obviously was moved significantly by your
testimony. And I think one of the great challenges that we have as
human beings, we always seem to have as one or our greatest tal-
ents the ability to blind ourselves to a truth that we don’t want to
face. I know that is certainly true many times in my own life. And
yet, in this place that should be something that we war against
with all assiduous diligence, because the implications are pretty
profound.

And one of the things that this bill does, and the discussion of
it, seems to demonstrate the humanity of these little babies and
the gross inhumanity of what is done to them. And I applaud your
courage to come here as not only a former lawyer, but as someone
that has performed abortions earlier. There is very few ways to try
to impeach your sincerity or your credibility when you have gone
180 degrees here as you have done. And I appreciate what you
have done.

So my first question is to you: The Criminal Code of the District
of Columbia, section 22-1001, prohibits cruelty to animals, and
with unanimous consent, I will enter a copy of this statute for the
record.

[The information referred to follows:]
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Submission for the hearing record, May 17, 2012, Subcommittee on the Constitution
hearing on DC Pain-Capable Unborn Child Protection Act

DC ST § 22-1001
Formerly cited as DC ST 1981 § 22-801

=%§ 22-1001. Definition and penalty.

(a)(1) Whoever knowingly overdrives, overloads, drives when overloaded, overworks,
tortures, torments, deprives of necessary sustenance, cruelly chains, cruelly beats or
mutilates, any animal, or knowingly causes or procures any animal to be so overdriven,
overloaded, driven when overloaded, overworked, tortured, tormented, deprived of
necessary sustenance, cruelly chained, cruelly beaten, or mutilated, and whoever, having
the charge or custody of any animal, either as owner or otherwise, knowingly inflicts
unnecessary cruelty upon the same, or unnecessarily fails to provide the same with proper
food, drink, air, light, space, veterinary care, shelter, or protection from the weather, shall
for every such offense be punished by imprisonment in jail not exceeding 180 days, or by
fine not exceeding $250, or by both.

(2) The court may order a person convicted of cruelty to animals:

(A) To obtain psychological counseling, psychiatric or psychological evaluation, or to
participate in an animal cruelty prevention or education program, and may impose the
costs of the program or counseling on the person convicted;

(B) To forfeit any rights in the animal or animals subjected to cruelty;

(C) To repay the reasonable costs incurred prior to judgment by any agency caring for the
animal or animals subjected to cruelty; and

(D) Not to own or possess an animal for a specified period of time.

(3) The court may order a child adjudicated delinquent for cruelty to animals to undergo
psychiatric or psychological evaluation, or to participate in appropriate treatment
programs or counseling, and may impose the costs of the program or counseling on the
person adjudicated delinquent.

(b) For the purposes of this section, “cruelly chains” means attaching an animal to a
stationary object or a pulley by means of a chain, rope, tether, leash, cable, or similar
restraint under circumstances that may endanger its health, safety, or well-being. Cruelly
chains includes, but is not limited to, the use of a chain, rope, tether, leash, cable or similar
restraint that:
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(1) Exceeds 1/8 the body weight of the animal;
(2) Causes the animal to choke;

(3) Is too short for the animal to move around or for the animal to urinate or defecate in a
separate area from the area where it must eat, drink, or lie down;

(4) Is situated where it can become entangled;
(5) Does not permit the animal access to food, water, shade, dry ground, or shelter; or
(6) Does not permit the animal to escape harm,

(c) For the purposes of this section, “serious bodily injury” means bodily injury that
involves a substantial risk of death, unconsciousness, extreme physical pain, protracted
and obvious disfigurement, mutilation, or protracted loss or impairment of the function of
a bodily member or organ. Serious bodily injury includes, but is not limited to, broken
bones, burns, internal injuries, severe malnutrition, severe lacerations or abrasions, and
injuries resulting from untreated medical conditions.

(d) Except where the animal is an undomesticated and dangerous animal such as rats,
bats, and snakes, and there is a reasonable apprehension of an imminent attack by such
animal on that person or another, whoever commits any of the acts or omissions set forth
in subsection (a) of this section with the intent to commit serious bodily injury or death to
an animal, or whoever, under circumstances manifesting extreme indifference to animal
life, commits any of the acts or omissions set forth in subsection (a) of this section which
results in serious bodily injury or death to the animal, shall be guilty of a felony and, upon
conviction thereof, shall be punished by imprisonment not exceeding S years, or by a fine
not exceeding $25,000, or both.

5§ 22-1013. Definitions.

In §§ 22-1001 to 22-1009, inclusive, and § 22-1011, the word “animals” or “animal” shall
be held to include all living and sentient creatures (human beings excepted), and the words
“owner,” “persons,” and “whoever” shall be held to include corporations and
incorporated companies as well as individuals.

Mr. FrRANKS. This statute explicitly covers, “all living and sen-
tient creatures, human beings excepted,” if a prosecutor can prove,
“serious bodily injury,” or if a prosecutor can prove, “to an animal
or indifference to animal life;” that a single offense can be punished
by up to 5 years in prison or a fine not to exceed $25,000 or both.
Serious bodily injury includes, among other things, the infliction of,
“extreme physical pain or mutilation, or broken bones, or severe
lacerations.”

Now, I heard your vivid description of the D&E abortion method,
which I am told is the most frequent method used for abortion after
20 weeks, and it seems clear that it follows this description of mu-
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tilating and breaking bones, lacerating, and worse, and we have
heard very convincing evidence that it would inflict, quote, “ex-
treme physical pain.”

Now, that fits all of the criteria, and I find it a tremendous—I
don’t even want to use the word “irony”—just a break from human
compassion that while we would do the right thing and prevent
those things from happening to children—to animals but not to
human babies. And I am just wondering if you think that my
equating the two has any parallel, and how you would respond to
it yourself.

Dr. LEVATINO. Not at all, Mr. Chairman.

The abortion debate is obviously a very uncomfortable topic for
many. It is a very hot political topic. There are very strong feelings
on both sides.

I have been on both sides of this issue. I do understand both
sides. It is a tremendous irony—the word seems inadequate—that,
as you say, feed animals get more—you know, get more consider-
ation than unborn humans.

Even as an abortionist, when I learned to do D&E abortions, I
have to tell you, the only word I can express, even as an experi-
enced physician for many years at that point, was in doing a D&E
abortion, it is absolutely gut-wrenching for the physician. It is easi-
er on the patient for sure, and that was one of the advantages of
the procedure.

We wanted a procedure like D&C where a patient would basi-
cally go to sleep, wake up, and it would all be over. And it certainly
was better from the standpoint of the patient, from that stand-
point, is one of the strengths of the procedures, one of the reasons
we do them. But to literally tear a human being apart with your
own hands—I would invite the Committee to handle this instru-
ment. This is the identical instrument I used. It is an absolutely
gut-wrenching procedure. And I agree with you, it is, to me, uncon-
scionable to say we give more consideration to feed animals than
we do to human beings.

Mr. FRANKS. Well, Dr. Levatino, you know, in responding to your
earlier comment that this is unconstitutional, the courts have stat-
ed that States have an interest in forbidding medical procedures in
which the State’s reasonable determination might cause the med-
ical profession or society as a whole to become insensitive, or even
disdainful, to life, including life in the human fetus. A State may
take measures to ensure the medical profession and its members
are viewed as healers, sustained by compassionate and rigorous
ethics, and cognizant of the dignity and value of each human life,
even life which cannot survive without the assistance of others.
That seems to describe what we are trying to accomplish here.

Do you think, in your mind, that doing late-term abortions can
create the impression that causing the medical—or create the trend
in the medical profession or society as a whole to become insensi-
tive and even disdainful of life, including life in the human fetus?
What is your perspective?

Dr. LEVATINO. I would completely agree with that. As a physi-
cian, I used to teach students and I used to tell them, you know,
you have learned to maintain a certain distance between you and
your patients. I think that you start learning it on day one in anat-
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omy class, where you are literally taking apart a human body, and
you don’t think of it as, you know, this was—you see it as a collec-
tion of organs, and you don’t see this as somebody’s son, or daugh-
ter, or husband or wife.

It was the same way. As I said, the procedures are very gut-
wrenching, but I guess you can get used to anything over time.

I do agree that there is a great insensitivity toward life. It has
become an engrained part of our culture, and this simply adds to
that.

Mr. FRANKS. Thank you, Doctor, and I will now yield to the
Ranking Member for 5 minutes for questions.

Mr. NADLER. Thank you.

Ms. Zink, first of all, I want to thank you for agreeing to testify
today. As a parent, your story was very difficult to listen to, and
I can’t even begin to imagine how difficult it must have been to live
through it, much less come here and describe your experience to
some very unsympathetic people. So I want to thank you for your
willingness to put a human face on this question, and for your
courage in being here.

One of the really harmful consequences of this bill is that there
are some fetal conditions that cannot be diagnosed before the 20th
week of pregnancy. In those situations the tragedy of learning that
there is, for example, a fetal anomaly that is incompatible with life
is compounded by the fact that this bill would make it impossible
to receive abortion care if that is the medically indicated treatment.
In fact, isn’t it correct that the diagnosis in your case could not
have been made before the 20th week?

Ms. ZiNK. That is correct.

Mr. NADLER. If this bill had been law when you had to face your
ordeal, your doctor would have had to risk jail and a lawsuit to pro-
vide you with the medical services that you required. Would you
care to comment on that?

Ms. ZINK. If T pause it is because it is so horrible that the idea
that you cannot have a conversation with your doctor who knows
you, who knows your medical history, who can look at the medi-
cine, and who can speak from his expertise; that all of a sudden
the things that we take for granted about working with your doc-
tor, about going to someone who has that trained expertise, about
having a relationship with your doctor, that all of that suddenly be-
comes criminal, to me, is just beyond belief.

Mr. NADLER. Thank you.

I would like to ask a couple of questions of all of the doctors, one
at a time.

Dr. Levatino, yes or no, do you believe that your views with re-
spect to when fetuses feel pain are now established and generally
accepted by the scientific community, or is yours the minority
view?

Dr. LEVATINO. As far as I am concerned, Congressman, they are
accepted by the scientific community

Mr. NADLER. Thank you.

Dr. Malloy?

Dr. LEVATINO [continuing]. And based on experience as well.

Mr. NADLER. Dr. Malloy?
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Dr. MALLOY. I can guarantee you that any baby who is receiving
some procedure in a NICU——

Mr. NADLER. That is not what I asked. We heard your view. Do
you believe that your views are now established and generally ac-
cepted, or are you a minority view?

Dr. MALLOY. Which view would that be?

Mr. NADLER. As to when pain is felt.

Dr. MALLOY. That a preemie feels pain?

Mr. NADLER. Not a preemie. A preemie at 20 weeks. A preemie
at 20 weeks in utero, excuse me. A fetus at 20 weeks in utero that
feels pain. You stated your opinion on that. Do you think that your
opinion now is generally accepted by the scientific community, or
do you think that your view is a minority view?

Dr. MALLOY. I spoke about the pain that the fetus and the pre-
mature infant feels, so I am not separating those two things. So I
think my view is the majority view, that

Mr. NADLER. Okay.

And Dr. Calhoun.

Dr. CALHOUN. I believe mine is also the majority view.

Mr. NADLER. Thank you.

Then, all three of you, how do you explain—I shouldn’t say that.
Are you aware of the research published in the Journal of the
American Association and the conclusions of the Royal Academy of
Obstetricians and Gynecologists among others? I am not asking if
you agree or disagree. Are you aware of it?

Dr. Levatino?

Dr. LEVATINO. I am well aware of the paper that was published
in 19-—or, excuse me, 2005, by—in JAMA, sir. There were serious
problems with that paper, not the least of which——

Mr. NADLER. I just asked if you are aware.

Dr. Malloy, are you aware of it?

Dr. MALLOY. I am sorry?

Mr. NADLER. Are you aware of the research published by Journal
of the American Medical Association and the conclusions of the
Royal Academy of Obstetricians and Gynecologists?

Dr. MALLOY. Yes. I read the paper in JAMA.

Mr. NADLER. Thank you.

Dr. Calhoun.

Dr. CALHOUN. I have read the paper in JAMA as well.

Mr. NADLER. Okay. Now, since the paper in JAMA, the Journal
of the American Medical Association, says that evidence regarding
the capacity for fetal pain is limited, but indicates that fetal per-
ception of pain is unlikely before the third trimester, and the con-
clusion of the Royal Academy of Obstetricians and Gynecologists
concluded, quote, “It can be concluded that the fetus cannot experi-
ence pain in any sense prior to 24 weeks gestation,” then you are
saying that those are minority views, and they are clearly wrong.

Dr. LEVATINO. I am saying that that is one paper, Congressman,
out of many.

Mr. NADLER. Dr. Malloy?

Dr. LEVATINO. And that paper has serious flaws, including the
fact that the chief author was a medical student, who happened to
previously be a lawyer for a prochoice
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Mr. NADLER. I only have 5 minutes, and I asked you simple ques-
tions. I don’t need lectures.

Dr. Malloy, so your opinion is contrary to that expressed by the
American Medical Association and the Royal Academy of Obstetri-
cians and Gynecologists. Do you regard their view or yours as the
minority view?

Dr. MALLOY. I believe there are serious flaws with that paper.

Mr. NADLER. Okay. But is theirs the majority or minority view
in the field?

Dr. MALLOY. In my field of neonatology, mine would be the ma-
jority, and theirs would be the minority.

Mr. NADLER. Thank you. It would be the majority view in your
field is what you just said?

Dr. MALLOY. Mine would be the majority view, not theirs.

Mr. NADLER. Yours would be the majority view.

Dr. Calhoun.

Dr. CALHOUN. Mine would be the majority view, not JAMA. That
is a single paper.

Mr. NADLER. Okay, my last question.

Mr. CHABOT. Point of order. Hasn’t the gentleman’s time expired?

Mr. FRANKS. You are correct, and we may be able to have time
for an additional round of questions, but I now recognize the gen-
tleman from Ohio for 5 minutes for his questions.

Mr. CHABOT. Thank you very much.

And the gentleman from New York was talking about treating
people rudely before. Let me try to be polite to the gentleman, the
doctor here, and allow him to answer the question that was posed.
I think you were saying something about the JAMA study, and
what was that that you were going to say, Doctor?

Dr. LEVATINO. I am afraid that medical research isn’t as free of
politics as we wish it was. This is one paper. There are other pa-
pers that say quite the opposite. I thought that that paper was
very interesting, and that the chief author was a medical student
who was formerly an attorney who worked for NARAL. One of au-
thors, the other authors, of that paper, a Dr. Drey, is one of the
largest abortion providers in the city of San Francisco. I would
hardly find their findings unbiased.

Mr. CHABOT. Thank you.

Let me ask further. Ms. Zink was relating her story, which was
certainly moving, I think, to everybody in this room. She was talk-
ing about an unborn child that had, I would assume, a particularly
rare condition. Would that be—would one of the doctors here like
to at least tell us, is this something that is common in this par-
ticular case, or something that is relatively rare?

Dr. Calhoun.

Dr. CALHOUN. The agenesis of the corpus collosum?

Mr. CHABOT. Yes.

Dr. CALHOUN. It is relatively rare, but it is not that rare. I see
it not infrequently in my care.

Mr. CHABOT. One out of what are we talking here?

Dr. CALHOUN. I would have to go back and look at it. I mean,
I would have to go back and look. Maybe a half a percent or so.

Mr. CHABOT. We talking about 1 out of 200, if you mean Y2 per-
cent. Okay.
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Dr. CALHOUN. Yes, sir.

Mr. CHABOT. Let us talk about the other 199, and maybe not all
199. And let me go back to you, Dr. Levatino, if I can. You men-
tioned, I think, 1,200 abortions that you had performed?

Dr. LEVATINO. Yes, sir.

Mr. CHABOT. And I don’t want to put you on the spot here, but
most of those abortions, is it safe to say that had they not been ter-
minated through an abortion, that these would have been normal,
healthy babies ultimately in the majority of those cases? Is that ac-
curate, would you say?

Dr. LEVATINO. Yes, sir. That is typical with an abortion practice.
It is certainly was with mine. The number of abortions out of the
1,200 that I did for fetal anomalies were less than 5.

Mr. CHABOT. Less than five. So we are talking about 1 out of 200
here. We are talking about the—out of the 1,200, what would you
say would have typically been healthy babies?

Dr. LEVATINO. The vast majority. Over 99 percent, sir.

Mr. CHABOT. Okay. And so if we are looking at tragedies here,
I mean, I think we have to look at the relative tragic situation that
we are talking about. And, again, I don’t want to put you on the
spot, Doctor, but would you want to share—and if you don’t want
to, you don’t have to—was there something in particular that
changed your view on this important topic?

Dr. LEVATINO. I won’t elaborate considerably. All I can say is,
Ms. Zink, I do understand your pain. I have lost a child, too. I
know what that feels like, and I am sorry.

It was a time, as I said, that I was very prochoice. This was a
decision between a doctor and a patient, and nobody, including the
baby’s father, had anything to say about it. I was very dedicated
in that business, and I did it for many years.

Going through this, doing that procedure, didn’t exactly help me
sleep at night. And in 1986, I lost a daughter. And after you have
lost a child, and then you go back to the hospital—it was maybe
2 weeks after her death when I went back to work, and I went into
the medical center to do my first D&E abortion.

And I reached in with that Sopher clamp, and I literally ripped
out an arm or a leg. I got sick.

You know, when you do an abortion, you can’t stop. You have to
finish that abortion. If you don’t, if you don’t get all the pieces,
your patient is going to come back infected, bleeding or worse.

And I know it sounds strange to people, but I tell you it is sin-
cere, true and firsthand. For the first time in my career, after 1,200
abortions in private practice much less the hundreds I did during
my training, I really looked at the pool of goo at the side of table
that used to be somebody’s son or daughter, and that was a very
life-changing experience.

Mr. CHABOT. Thank you, Doctor.

And, Dr. Malloy, finally, before I run out of time, would you de-
scribe again as far as the pain what you said—you see this every
day. What kind of pain are we talking about? How do you know
there is pain there?

Dr. MaLLoy. Well, we have to put IVs in babies, we put chest
tubes in babies, we intubate babies, we do lots of things that are
nowhere near dismemberment or stabbing them in the heart with
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potassium chloride. We do things that are probably 100 as painful
as what he is describing. And they feel that, they wince, they cry,
they move away from it, they try to push your hand away when
you are putting an IV in. So I know they respond to those simple
procedures that we perform, so I can just shudder to think what
is happening when that kind of procedure is performed.

Mr. CHABOT. Thank you, Doctor.

Mr. FRANKS. Thank you, Mr. Chabot.

You know, as I heard fetal anomaly being one of the prime jus-
tifications for all this, as someone that owes the medical commu-
nity a great deal in life because of being born with a significant
fetal anomaly myself, I have to tell you sometimes when I hear tes-
timony like Dr. Levatino’s, I sense two things: one, a sense of hope;
and, two, difficulty in understanding how we got where we are.

With that, I would recognize Mr. Scott of Virginia for 5 minutes.

Mr. ScorT. Thank you, Mr. Chairman.

Chairman, I notice that all of the—that none of the panelists are
attorneys, and I was wondering if anybody on the panel is qualified
to discuss the constitutionality of the legislation and how it would
conform or not conform to U.S. Supreme Court cases. Okay?

Second question, is there anything unique about Washington,
D.C., that this proposal should apply to Washington, D.C., and no-
where else?

Dr. LEVATINO. It wouldn’t be true to say no or else that this leg-
islation applies to D.C., but these similar legislations have been
passed in other States.

Mr. Scott. Well

Dr. LEVATINO. This is not the first time that I am aware of.

Mr. Scort. We are considering legislation justifying it to Wash-
ington, D.C., rather than the entire Nation. Is there anything
unique about Washington, D.C., where we ought to have this pro-
posal apply to D.C. and nowhere else?

Let me ask another question. This applies to abortions—as I un-
derstand the legislation, abortions performed in Washington, D.C.
Would the prohibition apply for a Virginia resident coming into
Washington, D.C., to get an abortion?

Dr. LEVATINO. As far as I know, yes, but I don’t know for sure.

Mr. ScotrT. Okay. Would it apply to a Washington, D.C., resident
going to Virginia to get an abortion?

Dr. LEVATINO. No, it would not.

Mr. Scortt. It would not, okay.

Would it apply if the pregnancy resulted from rape?

Dr. LEVATINO. Yes.

Mr. ScorT. Would it apply if the pregnancy resulted from incest?

Dr. LEVATINO. Yes.

Mr. ScOTT. And it would also apply, as I understand it, to a fetal
medical condition inconsistent with life?

Dr. CALHOUN. Yes.

Mr. ScotT. It would?

Dr. CALHOUN. Yes.

Mr. Scort. Thank you, Mr. Chairman.

I have no further questions, and I yield back.

Mr. FRANKS. Thank you, Mr. Scott.

And I would now recognize Mr. King for 5 minutes.
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Mr. KING. Thank you, Mr. Chairman, and I thank the witnesses.

And I would like to go to Dr. Levatino, who has provided some
very moving testimony here today, and ask that the procedures
that you conducted over those years, 1,200-plus by your testimony,
do you know of material that has been gathered, such as video of—
for the procedures that you described here today?

It just occurred to me as I am listening to your testimony, of all
the discussions that we have had, I don’t recall ever a video being
Offelge% that might more vividly describe what you so vividly de-
scribed.

Dr. LEVATINO. Am I aware of the existence of such material?

Mr. KING. Yes.

. Dr. LEVATINO. It may well be out there, but I couldn’t quote any
or you.

Mr. KING. And isn’t it common for medical procedures to be
available on YouTube or other medical—let us see, I looked up here
medical videos. There is at least one Web site that delivers a whole
number of different medical procedures. You are not aware that
anything is available on the open Web?

Dr. LEvATINO. Such things are generally available, but I haven’t
researched them to tell you where they are.

Mr. KING. I would ask if anybody on the panel is aware of any
videos of this procedure on the open Web?

Dr. CALHOUN. None that I am aware of.

Mr. KING. Dr. Malloy? No?

Do you suspect that there is a concerted effort it to make sure
that that information is not available, Dr. Levatino?

Dr. LEVATINO. I would be speculating. Let me put it this way: I
think that when people see things—you can hear a description, but
when you see things, when you actually see it, it tends to have a
much greater impact.

I mean, the one thing I can think of that just happened to pop
in my head is child labor laws. I mean, it is photographs that so
many decades ago got us to change the child labor laws. I think
the same thing can happen with any area of life, and especially
this one. I often tell people I swear some people think the doctor
waves his hand and the baby disappears. It just doesn’t happen
that way.

Mr. KING. One more question with Dr. Levatino, and if it is too
personal I—decline to respond if you prefer, but how old was your
daughter when you lost her?

Dr. LEVATINO. Just sort of her sixth birthday.

Mr. KiNG. Thank you very much, Doctor. I think I am going to
close my questioning with that. It has been a very powerful testi-
mony here today, and I yield back.

Mr. ScorT. Mr. Chairman?

Mr. FRANKS. Mr. Scott.

Mr. Scort. Mr. Chairman, I would ask unanimous consent to
enter into the record a letter and accompanying documents on be-
half of the gentleman from Illinois, who was here earlier and had
to leave. One is from Catholics for Choice.

Mr. FRaANKS. Without objection.

Mr. Scort. Thank you.

[The information referred to follows:]
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CATHOLICS

FOR

CHOICE

IN GOOD CONSCIENCE
PRESIDENT

May 17,2012

EXECUTIVE

US House of Representatives Committee on Judiciary e BEE Rl ST

Subcommittee on the Constitution
H2-362 Ford House Office Building

o BOARD OF
Washington, DC 20515 DIRECTORS

Dear Chairman Franks, Ranking Member Nadler and Members of the Subcommittee: e Conkory

On behalf of Catholics for Choice, | strongly urge you to oppose HR 3803, the misleadingly- Dl A Domb
titled “District of Columbia Pain-Capable Unbaorn Child Protection Act.” u

As Catholics, we believe that it is critical to stand with all women, Catholic and non-Catholic
alike, who need later abortion care, The social justice tradition, deference to religious
freedom and respect for each individual's conscience that are central to our faith compel us
to do so.

Creating arbitrary gestational limits on when women can receive abortion care, as HR
3803's proposed restrictions would do, will unfairly target the District of Columbia’s most Ronemary Radford §
vulnerable women, who may not have the financial resources to seek services elsewhere. SRR
By refusing even to provide exceptions in cases of rape, incest, fetal abnormalities or mental BARTHERS
iliness, this bill also assumes a draconian posture toward those very women whose licas por o |
circumstances most necessitate compassion, the ability to avail themselves of all medical b Deckl
options and respect for their conscience-based decisions.

Women need later abortions for many reasons, and these reasons will not diminish despite az, &
legislative attempts to arbitrarily restrict access to safe medical care. Women seeking later stédicaos peetor v
abortions may find themselves in any number of particularly difficult circumstances—when ;
a doctor's visit for a wanted pregnancy reveals serious complications; when lack of
insurance or Medicaid coverage necessitate that a woman with limited economic means .
must delay while saving the money to pay for her procedure; when a young woman, afraid Canlicans poe e Desech
of the consequences of revealing her pregnancy, has finally spoken up and sought medical ecidir en CF
care. Any woman who finds herselfin need of a later abortion should be able to receive the oF
care she needs. HR 3083 would deny that care, infringe upon the rights of the women of
the District of Columbia and blatantly disrespect the conscience of any woman who 9
decides to seek abortion care as well as any medical professional who wishes to provide it. stilicas por of Der

The majority of the more than 580,000 Cathelics who live in the DC metropolitan area and e
the more than 68 million Catholics in the United States support policies that enable women s Decshs
and men to make their own decisions about whether and when to have children.

They oppose measures such as HR 3803 that would infringe upen the ability of each i
individual to follow his or her own conscience,
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You have an opportunity to do the right thing by the majority of Catholic voters, who want their elected
officials to listen to them, not the bishops, when making public policy, especially concerning women's
health. You also have an opportunity to do the right thing for the women of the District of Columbia, whose
elected official in Congress has already listened to her constituents and heard that HR 3803 is not what they
want. | hope that you will do the same.

Enclosed are two articles from Conscience magazine that | hope will shed further light on this issue: “A
Perspective on Later Abortion ... From Someone Who Does Them,” by Dr. Willie Parker, an obstetrician-
gynecologist who serves women in the DC area; and “Fetal Pain?” by Dr. Stuart Derbyshire, a psychologist
and expert in these issues. If you would like more information or have any questions, please do not hesitate
to contact our domestic program director, Sara Hutchinson, at 202-986-6093 or by e-mail at
SHutchinson@catholicsforchoice.org.

Sincerely,

Jon O’Brien
President

Enclosures: Derbyshire, Stuart. “Fetal Pain?” Conscience, XXXI No. 3, 2010.

Parker, Willie. "A Perspective on Later Abortion ... From Someone Who Does Them."
Conscience XXXIII No. 1,2012.

Mr. NADLER. Mr. Chairman, I ask unanimous consent to insert
into the record a report by the Royal College of Obstetricians and
Gynecologists concluding that the cortical connections are not es-

tablished; therefore, pain cannot be felt at this stage.
Mr. FRANKS. All right. Thank you.
[The information referred to follows:]
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REPORT OF A WORKING PARTY

March 2010
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Glossary

4-D (four-dimensional) images

anencephalic ferus
ANOXIC sIress

anterior cingulate
arborisation
auditory cortex
axons

brainstem

catecholamines

cerebral cortex

cognition/cognitive
cortical plate
EEG (electroencephalogram)

electrophysiological

endocrine

endorphins

endoscopic laser ablation

ex itero intr:lpart‘uln treatment
fetal magneroencephalography

haemodynamic

hypoxaemia

95

Three-dimensional images that move in real time (time
being the fourth dimension)

A ferus with the major part of the brain missing
Physiological stress through lack of sufficient oxygen
A higher corncal (brain) structure responsible for
processing the unpleasantness of pain

Branching — in this case of nerve fibres growing into a
brain region; this is required before all the correct
connections can be formed

The part of the bram responsible for processing sound
“cables’ or nerve fibres connecting different parts of the
brain

A lower brain structure, lying between the spinal cord
and the thalamus which is responsible for many reflex
actions such as breathing

A chemical typically released during stress

A sheer of densely packed nearonal cells which form the
outer, folded part of the brain associared with higher
functions

Thimking, knowing, sensing and perceiving

Develops before the cerebral cortex proper

Measures electrical discharges in the brain. Electrodes
are placed on the scalp of a subject and the activity of
the neurons in the underlying cortex is recorded

Techniques used to directly record the electrical acnvity
of the peripheral or central nervous system in the body
Hormone circulating in the body

A neurochemical released naturally in the body that, in
adults, suppresses pain

A rechnigue for destroying tissues directed by a small
telescope inserted into the body

Delivery of the head and shoulders at cacsarean section
so that surgery can be performed while the baby is sull
receiving oxygen from the placenta

A rechnigue to measure brain activity in fetus
The movement of blood
Decreased blood oxygen



hysterotomy
msular cortex

MR (functional magnetic

resonance imaging)

neurabiological

neuronal connection

neuropsychological
NOCICEPLOr Actvity

noxious stimuli

opiate/opioid
SENSOry Cortex

sentence

somatosensory
spinothalamic pathways

sStress/stress response

subcortcal sensory nuclens
subplate zone

synapse

thalamic

thalamus afferents

transient tachypnoea
venepu ncture

viabiliry

visual cortex

96

Surgical incision in the uterus, usually to remove the

ferus
Part of the cerebral cortex believed to be responsible for
integrating sensory information

A technique for measuring blood flow in the brain,
which is indirectly related to neuronal activity

A generic term relaning to the biological funcrions of the
cc’nrra] nervous !i_vst\,‘m

A communicative contact between two neurons

A psychological function assocated with a part of the
brain

Passage of electrical signals through a nerve fibre that
derects noxious stimuli

Stimuli that do or could cause damage to the body

A neurochemical that suppresses pain, of which
endorphins are an example

Part of the cortex responsible for processing sensory
stimuli from the body, such as touch

The ability to detect and experience a sensory snmulus
The senses thart are detected on the surface or deep
within the body, such as rouch, temperature, pressure
Major pathway transmitting noxious information
through the spinal cord

Typically the release of catecholamines following an
adverse event but may also include other chemical and
behavioural responses

A part of the brain berween the spinal cord and correx
that processes sensory information, such as the thalamus

A developmental structure that holds and guides
neurons o their correct place in the correx

A communication juncture berween two neurons
Pertaining to the thalamus

Fibres carrying information into the thalamus

Rapid breathing observed shortdly after birth indicating a
temporary difficulty with respiration

Penetrating a vein for injection or for withdrawal of

blood
Ability to survive

Part of the cortex responsible for processing vi

Artention is also drawn to the glossary entitled Medical Terms Explained

available on the RCOG websire:

www.rcog.org.uk/womens-health/patient-information/medical-terms-explained.
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Summary

The need o review the 1997 RCOG Working Party Report on Fetal Awareness arose following
discussion during the House of Commons Science and Technology Committee Report on
Scientific Developments relating to the Abortion Act 1967, In accepting the findings and
conclusions of the House of Commons report, the Minister of State for Public Health
recommended that ‘the College review their 1997 report into fetal pain’. Accordingly, this
Working Party was established with the remit and membership described. The intention was
o review the relevant science and clinical practice relevant to the issue of feral awareness and,
in particular, evidence published since 1997, In so doing, the report was completely rewritten,
not only to take account of recent literature but also the evidence presented to the House of
Commons Committee,

In reviewing the neuroanatomical and physiological evidence in the fetus, it was apparent that
connections from the periphery to the cortex are not intact before 24 weeks of gestanion and,
as most neuroscientists believe that the cortex is necessary for pain perception, it can be
concluded that the fetus cannor experience pain in any sense prior to this gestation. Afrer 24
weeks there is continuing development and elaboration of intracortical nerworks such thar
noxious si

Such connectic

5 [0

i newhorn preeerm infanes produce corncal respon:
the cortex are necessary for pain experience but not sufficient, as experience of external somuli
requires consciousness. Furthermore, there is increasing evidence thar the ferus never
experiences a state of true wakefulness in wtero and is kepr, by the presence of its chemical
environment, in a continuous sleep-like unconsciousness or sedation. This state can suppress
higher cortical activation in the presence of intrusive external stmuli. This observation
highlights the important differences between fetal and neonatal life and the difficulties of
extrapolating from observations made in newborn preterm infants to the fetus,

ic observations for clinical practice are such that the need for
analgesia prior to intrautering intervention, for diagnostic or therapeutic reasons, becomes
much less compelling. Indeed, in the light of current evidence, the Working Party concluded
that the use of analgesia provided no clear benefir to the ferus, Furthermore, because of possible

The implications of these scient

risks and difficulties in administration, fetal analgesia should not be employed where the only
consideranion is concern about fetal awareness or pain. Similarly, there appeared to be no clear
benefit in considering the need for fetal analgesia prior to termination of pregnancy, even after
24 weeks, in cases of feral abnormality. However, this did not obviate the need to consider
feticide in these circumstances and, i this respect, further recommendations of relevance are
included in the parallel report on Termination of Pregnancy for Fetal Abmormality.
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Background

Remit
The Working Party was established in May 2008 with the following remic:

1.

3
4,

To review the RCOG Working Party Report Fetal Awareness, published in October
1997.

To review all evidence submitted to the Science and Technology Committee relating o
the Abortion Act 1967,

To review all other evidence of relevance to fetal awareness and pain,

To publish a report based on the Working Party’s findings.

The Working Party mer on four occasions between July 2008 and July 2009 and reported to
Council in November.

Membership

The Membership of the Working Party was:

Professor Allan Templeton FRCOG (Chair)

Professor Richard Anderson FRCOG, Reproductve Medicine Specialist,
University of Edinburgh

Ms Toni Belfield, Member of the RCOG Consumers’ Forum

Dr Stuart Derbyshire, Senior Lecturer, School of Psychology, University of Birmingham
Mrs Kay Ellis, Department of Health Observer

Ms Jane Fisher, Director, Antenatal Resules and Choices (ARC)

Professor Maria Firzgerald, Professor of Developmental Neurobiology, UCL London
Dr Tahir Mahmood, RCOG Vice President (Standards)

Professor Neil Marlow, Neonatologist, UCL London

Professor Vivienne Nathanson, Director of Professional Activities,
British Medical Association

Professor Donald Peebles FRCOG, Obstetrician, UCL, London

Ms Stephanie Michaclides, Royal College of Midwives

Supported by Mrs Charnjit Dhillon, RCOG Director of Standards, and Miss Maria Finnerty,
Secretary to the Working Party
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This report was peer reviewed by the following individuals, to whom the Working Group
wishes to express gratitude:

Professor David Archard, Professor of Philosophy and Public Policy, Lancaster University

Mrs Gillian Baker, Chair Consumers’” Forum, Royal College of Obstetricians and
Gynaecologists, London

Professor Linda § Franck, Professor and Chair of Children’s Nursing Research, UCL
Institute of Child Health, London

Professor Ruth E Grunau, Department of Pediatrics, University of Brinsh Columbia,
Vancouver, Canada

Dr Kate Guthrie, Consultant Gynaecologist, Hull and East Yorkshire

Professor James Trussell, Director, Office of Population Research, Princeton University,
Princeton, New Jersey, USA

Dr Suellen Walker, Consultant in Paediatric Anaesthesia and Pain Medicine, London

Professor John Wyart, Professor of Ethics and Perinatology, UCL, London
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1. Introduction

Following concerns generated by the debate on feral awareness and, partcularly, the contro-
versy around whether the fetus could feel pain, the RCOG published, in October 1997, a
warking party report.’ A guiding principle in that report was concern that the fetus should be
protected from any potentially harmful or painful procedure but, at the same time, the as-
sessment of the capacity to be harmed should be based on established sciennfic evidence, A
major and important conclusion of the report was that the human fetus did not have the nec-
essary structural integration of the nervous system to experience awareness or pain before 26
weeks of gestation. In addition, the report recommended that those carrying out diagnostic or
therapeutic procedures on the fetus in wtero at or after 24 weeks should consider the need for
fetal analgesia.

This guidance was welcomed by the clinical and scientfic communities, although, in recent
years, the report has from ome to ime come under criticism i some quarters for being our of
date and perhaps not having assessed all the known scientific evidence. This eriticism has been
most evident in discussing the age of viability (at present raken as 24 weeks of gestation in the
UK) and the upper gestational limit in the context of induced abortion. The House of Com-
mans Science and Technology Committee, in its report on Seientific Developments Relating to
the Abortion Act 1967 (published in October 2007),* made a number of important conclusions
and recommendations, including some of direct relevance to this issue: “We conclude thar,
while the evidence suggests thar foetuses have physiological reacoons to noxious stimuli, it
does not indicate thar pain is consciously felt, especially not below the current upper gestational
limit of abortion. We further conclude thar these factors may be relevant to clinical practice
but do not appear to be relevant to the question of aborton’?

A minority report, however, recorded in the minutes of the Committee on 29 October 2007
said, “We are deeply concerned that the RCOG failed o give full information to the House of
Commons Select Commirtee...since 1997 the RCOG has consistently denied that foeruses can
feel pain earlier than 26 weeks, without acknowledging that amongse experts in this field there
is no consensus. Professor Anand is a world authority in the management of neonatal pain
and has put forward a cogent argument suggesting that the RCOG position is based on a num-
ber of false or uncertain presuppositions”.!

In the Government response to the House of Commons report (released November 2007) the
Minister of State for Health welcomed the report and its conclusions and recommendations but
importantly also indicared that *we note the Committee’s findings and are in agreement that
the consensus of scientific evidence with regard ro fetal pain at gestations below 26 weeks and
we will be commissioning the College to review their 1997 working party report into fetal
pain which will re-examine the latest evidence, much of which has been considered by the
Committee, and any new research currently underway’.?

Accordingly, a Working Party was formed to review the 1997 report. At its first meeting it de-
cided ro review not only the evidence in the original report but also, more importantly, any
relevant evidence published since, including particolarly the literature referred to in the mi-
nority report. As with the original report, it was decided not to reconsider the ethical situation




I

Royal College of Obstetricians and Gynaecologists

101

surrounding viability and abortion, not least because many of the relevant issues had been ad-
dressed in the Nuffield Councl publication Critical Care Decisions in Fetal and Neonatal
Medicine: Ethical Issutes (2006).* Their terms of reference centred on the ethical, social, eco-
nomic and legal issues arising from recent developments in feral and neonatal medicine relating
to prolonging life, as well as issues raised by advances in research and practice. This discus-
sion very much revolved around 24 wecks as the age ar which survival without impairment
becomes more likely and, with the acceprance that survival without serious impairment or dis-
ability 15 highly unusual ar 22 weeks of gestanion, this led to the conclusion thar there was no
oabligation to attempt resuscitation at gestanonal age of 23 weeks or lower. Importantdy, the
report recommended thar a group of specialists and interested parties should develop a deh-
nition of *born alive’, with consideration to incorporating such a definition in stature. The
RCOG has now considered this issue and intends to pursue further discussion with the De-
partment of Health in relartion o the clinical and legal consequences.

Furthermore, the Working Party agreed that, in reviewing past and current evidence, the re-
port would need to be complerely rewritten and thar, while it should retain its relevance for
practitioners and those with a professional interest in the area, it should also contain advice
of relevance to women and parents. At the same time, the Working Party was aware of a par-
allel piece of work, also arising from the Government response to the House of Commaons
Science and Technology Report on termination of pregnancy for feral abnormaliry.” Much of
that Working Party’s report and, in particular, the conclusions and recommendations are of rel-
evance to the issue of feral awareness and, in this respect, the reports complement each other.

Particular acknowledgement is paid to those who took the lead in drafring the various chap-
ters but responded constructively to discussion and modification, such thar the report is one
in which all of the participants contribured significantly. It is hoped that most will find the re-
port helpful and that it goes some way to answering some of the criticisms of recent nmes, as
well as offering sound advice to pracutioners and consumers,
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2. Neurobiological developments
relevant to pain

This section examines current knowledge of central nervous system function during fetal and
neonatal periods of human development. The aim is to provide a descripiion of key events
and changes to inform whether the fetus can reasonably be said to experience pain. To do chis,
we reviewed all new evidence related to the neurobiology of fetal pain that has been published

in peer-reviewed journals listed on PubMed.

We begin by considering the scientific evidence for the presence of specific anatomical and
physiological connections in the brain that are responsible for signalling noxious events to the
central nervous system. Noxious stimuli are those that damage the nssues of the body or
threaten to do so, such as surgical incision or physical trauma of the skin. In this context, we
define pain as ‘the unpleasant sensory or emotional response to such nssue damage” and rrace
the development of those responses through feral development. We follow the path of the sig-
nals produced by nssue damage at sensory detectors in the skin and other organs, through o
sory circuits in the spinal cord, brainstem and thalamus and finally to the cerebral correx,
site of higher level sensory processing. At each stage, we consider the scientific evidence for
functional development and how this evidence may be interpreted. This secion includes de-
tails derived from over 50 papers identified as relevant. Most were published since the last
Working Party report’ but this current report also considers the older material included i the
previous report.

dhe

In addition to understanding the anaromical and physiological connecions, it 15 also impor-
tant to consider the psychological aspects of pam. Broadly accepted defininons of pain refer to
pain as a subjective experience involving cognition, sensation and affective processes.” These psy-
chological concepts are imevitably harder to address in a ferus bur should not be ignored. A
discussion of the importance of psychological processes in pain can be found in Box 1.

Development of neural pathways related to pain

The nevral regions and pathways thar are responsible for pain experience remain under debare
but it is generally accepted that pain from physical trauma requires an intact pathway from the
periphery, through the spinal cord, into the thalamus and on to regions of the cerebral cortex
including the primary sensory cortex (51), the insular cortex and the anterior cingulated cor-
tex.** Feral pain is not possible before these necessary neural pathways and structures (figure
1) have developed.

The generation of nerve signals from damaged tissue

For the fetus to respond to surgical damage, receptors in the affected tssue, such as skin and
muscle, must signal the noxious stimulus or dan
tors are sensory nerve terminals found in the s

(ol (4] th' ‘L'I'lll‘:ll nervous syslt'nl. N(}CiLTl’-
in and internal organs that convert rissue
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damage into elecrrical signals. The pattern and strength of these nocicepror signals is the first
determining step in generating pain. If nocicepror acuvity is prevented, such as following local
anaesthesia, then pain is blocked. Deep tissue damage, for example, that cuts through nerve
bundles causes a brief burst of electrical activity in some of the cut nerve endings known as an
injury discharge.’ The injured tissue, however, is now isolated from the central nervous system
and, within a few minutes, the isolated tissue becomes ‘numb’ and pain fre ilarly, rare ge-
netic defects that prevent all nociceptive signals result in a complete inability to sense pain.®

Activation of higher
cortical centres

Figure 1. Pathways from the periphery through the spinal cord and into the thalamus and 1o the cortex. Nociceptor activity evoked by
tissue damage reaches the spinal cord and can activate reflex respanses theough spinal cord connections. Pathways projecting to the
thalamus and cortex may also be activated, Higher-level pain processing is thought to eccur through a medial system (red lines) which
has both ascending and descending components and a lateral system (blue lines) from the ventroposterior lateral (VPL) and
ventromedial posterics (VMpa) nuclei. MDve = mediedorsal ventral caudal nudei; PAG = periaquaductal gray; 52 = secondary
somatosensory cortex; $1 = primary somatosensary cortex; AZ4 = area 24, anterior cingulate cortex {adapted from Cervero and
Laird,** Derbyshire® and Fitzgerald & Walker'')

Anatomical studies of human fetal skin shows the presence of nerve terminals and fibres deep
in the skin from & weeks of gestanonal age. These terminals are not nociceptors and are spe-
cialised for the processing of non-damaging sensations such as touch, vibration and
temperature, rather than pain, From 10 weeks, nerve terminals become more numerous and
extend towards the outer surface of the skin,™® The terminals closer to the surface are likely
o be immarure nociceprors, necessary for pain experience following tssue damage, but they
are not unegquivocally present until 17 weeks.® In other mammals, newly formed feral noci-
ceptors are able to signal tissue damage but the intensity of their signals is weaker than in
adults.” The internal organs develop nerve terminals later than the skin, beginning to appear
from 13 weeks and then increasing and spreading with age, so that the panereas, for example,
is innervated by 20 weeks. "
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Interpreting these data

Specialised nerve rerminals, nociceptors, are likely to detect surgical rissue damage from carly
in fetal life (around 10 weeks for the skin and 13 weeks for the internal organs). These noci-
ceptors gradually mature over the next 6-8 wecks and the strength of their signals increases
over feral life. The presence of nociceptors is necessary for perception of acute surgical pain and
so pain is clearly not possible before the nociceprors first appear ar 10 weeks. The presence of
nociceptors alone, however, is not a sufficient condition for pain experience. The electrical ac-
aviry that s generated at nociceptor terminals by nssue damage must also be conducted along
nerve fibres from the skin and into the spinal cord and brain. It is only when the brain receives
information about the damage that the ferus can have any potential of awareness of ir,

The transmission of signals from damaged tissue to the
lower levels of the central nervous system

Before any information about a noxious or tissue damaging stimulus can reach the brain, it has
to be ransmitted through the spinal cord (for the body) or the brainstem (for the head and
neck). This rransmission requires the growth of nerve fibres from the skin to the spinal cord
or bramstem and then further growth of nerve fibres along the spinal cord or bramstem and
mto the brain. Staming of postmortem nssue reveals that nerve fibres grow into the fetal spinal
cord from 8 weeks. These fibres, however, are specialised for the control of movement and
some aspects of touching or prodding the body or positoning a limb,

The growth of nerve fibres connecting nociceptive terminals to the spinal cord lags behind thar
of other sensory inpurs in non-human mammals. Similar connections in the human are also likely
tor lag bur the specific timings remain ur nary studies have failed ro demonstrare
nerve fibres from nociceptive terminals in the fetal post-mortem spinal cord before 19 weeks. !

The growth of sensory nerve fibres into the spinal cord is required for the fetus to display re-
flex movements in response to external sumuli. Sensory reflex responses are relatively simple,
central nervous reactions to external events, some of which provide simple protection against
damage. Examples of these reflexes include blinking in response to an air puff to the eye or the
withdrawal of a limb in response to prodding the skin. The presence or absence of these reflexes
at various stages of fetal life can provide information about the first functional sensory con-
nections. In mammals these reflexes are mediated by the spinal cord and brainstem (Figure 1),

E)uring lllL' f'il'!il 8 WCI.'kS ilf pregnancy, thl.‘ humm: ft'[u?i d- ]a)‘s a range !If spontancous move-

ments, which are not actually reflexes, as they arise from random muscle actions rather than

as reactions to a sensory stimulus. However, when sensory nerves have reached the skin, me-
chanical samulanon of the body can produce reflex movements. This confirms that these nerve
fibres are carrying informanon about touch and have connected to the spinal cord and aco-
vated nerve fibres controlling motor actions. The fetal spinal cord and brainstem develop well
before the cerebral cortex. This means that these reflex movements occur without any possi-
bility of fetal awareness,

The exact nming of the first nocicepuive reflex responses to more rraumanc mechanical s
ulation is not known but they are unlikely to occur before the second rimester, somewhat
later than responses to touch. It is known that the fetus withdraws from a needle from about
18 weeks and also launches a stress response following needle puncrure.™ This stress response
mcludes the release of hormones and neurotransmitters dependent on actvity in areas of the
midbrain. These findings confirm that signals abour nssue damage are transmitted from the
spinal cord and brainstem to the midbrain from ar least 18 weeks.

-
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Box 1. A discussion of the nature of pain

The word ‘pain” is used in different ways. The most frequent use, especially with respect to
subjects that cannot communicate verbally, is in describing the behavioural response to nox-
ious stimulation. However, if we accepr this use, we are presented with the difficulty of
distinguishing berween the responses of simple versus complex orgamisms. Frune fly larvae,
for example, have been demonstrated to bend and roll away when approached with a naked
flame bur most people would agree thar larvae do not feel pain in the way thar we do.

Ruling out the responses of larvae and similarly simple organisms as indicating pain is
possible if we suggest that responses must include more than mere reflex responses 1o be
labelled as a pain response. When someone reaches out and accidentally rouches something
very hot, there is an immediate tendency to drop the object. That reaction is entirely reg-
ulated by a simple loop of sensory neurons speaking to moror neurons in the spinal cord.
Typically, the person will drop the object before there is any conscious apprecianion of
pain, The action of dropping the object indicates the presence of something noxious bur
does not necessarily indicate the presence of pain.

Maost pain researchers adopr a definition of pain thar emphasises the sensory, cognitive and
affective response to a noxious event. This understanding of pain is supported by the In-
ternational Association of Pain (IASP) which defines pain as ‘an unpleasant sensory and
emotional experience associated with acrual or potental tssue damage, or described in
terms of such damage...pain is always subjective. Each individual learns the application
of the word through experiences related to injury in carly life”.! By this definition, pain does
not have primacy over subjectivity, existing before and in addition to subjectivity, but is
experienced through subjecnviry. It suggests thar pain is a part of knowledge and requires
the existence of a conceptual apparatus thar can marshal all its dimensions into a coher-
€nt experience.

Although there is considerable merit in the IASP definition of pain, it does tend towards a
view of pain as being a constituent part of higher cognitive funcoon. There 1s disquiet in
denying a rawer, more primitive, form of pain or suffering thar the fetus, neonare and many
animals might experience.*™ One possible solution is to recognise thar the newborn infant
might be said to feel pain, whereas only the older infant can experience that they are in
pain and explicitly share their condition with others as an acknowledged fact of being.*

Currently there is no immediately obvious way of resolving these arguments empirically.
It is possible, however, to argue that even a raw sense of pain involves more than reflex
acnvity and will, therefore, require the higher regions of the cortex to be connected and
functional. The age when this minimum reguirement is fulfilled is explored in the rest of
this chapter.
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Interpreting these data

Observations of feral movements in response to sensory stimulation show us that information
about tissue stimulation has reached the spinal cord from 8 weeks. The demonstration of a hor-
monal stress response at 18 weeks following needle puncrure shows us that information about
tissue damage has reached the midbrain. A connection from the skin to the spinal cord and
brain is a basic requirement for the fetus to feel or be aware of pain. Again, it is important to
emphasise thar, while such mput to the spinal cord and brain is necessary for perception of
acute surgical pain, it is not sufficient. Activity in the spinal cord, bramnstem and subcortical
midbrain structures are sufficient o generare reflexive behaviours and hormonal responses
but are not sufficient to support pain awareness. At 18 weeks of gestarional age, local spinal
cord or brainstem reflexes contral movement and, even as movement becomes more coordi-
nated from 24 weeks, it does not require the involvement of higher brain centres. Extremely
preterm infants of 24-30 weeks of gestation show the same motor responses to a noxious heel
lance {required for clinical blood sampling) even when there is severe damage of the pathways
connecting the spinal cord and brainstem to higher brain centres.™ Also, such reactions to
noxious stmuli, even those imvolving changes in facial expression, do not always correlate
with cortical activity™ when the nervous system 1s intact, showing that they cannot be assumed
to reflect higher brain funcrion.

Hormonal ¢ s to needling show thar there are functional brainstem and midbrain me-
diated reactions to noxious events but they, too, do not require higher brain processing to take
place and can occur independently of sensory awareness. The specific relationship between
pain and the release of hormones and neurotransmitters is unclear. In a prospective crossover
study on 50 extremely low gestational age infants (less than 28 weeks of gestanon), no differ-
ence in hormonal response was observed after heel lance®™ and, in adult mice, it is difficult to
distinguish changes in levels of naturally occurring opioids due to seressful handling from those
due to tssue damage.'®

SPOTS

The transmission of signals from damaged tissue to
cortical regions of the brain

Reflex movements and hormonal stress responses provide informarion about sensory connec-
tions at lower levels of the nervous system and cannot be assumed to indicate perception or
ss. For perception or awareness, the sensory information needs to be transmitted o
amus, the major subcortical sensory nucleus and then to the cortex, the highest region
of the brain.

Anatomical evidence

At 8 weeks, the fetal brain is profoundly immature and its surface layer, the cerebral correx,
is smooth, with no indication of the folds {sulci and gyri) that are so prominent later.'” There
is also no internal cellular organisation in either the thalamus, which is the main source of
sensory input to the cortex, or the cortex itself.’” The limbic system, an evolutonary older
part of the brain, consisting of interconnected deep brain structures involved in various fun-
damental drives and regulatory funcrions, is already discernable and has began o form
interconnections.” The external surface of the brain is about 1T mm thick and consists of an
inner and outer layer with no cortical plate, the structure that will gradually develop into the
layers of the cortex proper.®! At 13 weeks, a furrow or groove appears on cach side of the
brain,' which becomes part of the insular cortex around 15 weeks, a key region involved in
the experience of external sumuli, including pain.® In spite of this, the fetal brain is sull largely
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smooth ar 26 weeks, Massive growth of the brain after 34 weeks rapidly results in the char-
actenistic folds and surface features of the more marture brain,

An important stage of cortical development is the formaton of the subplate zone, a prominent,
transient layer of the human feral cerebral wall which develops around 13 weeks and gradu-
ally disappears after 32-34 weeks. The subplare is composed of newly arrived neurons and
their connections together with other brain cells and cellular components and a large amount
of extracellular marerial. All this makes the subplate very clearly disunguishable in fetal and
neonatal brain scans (magnetic resonance images) and in postmortem brains. The subplate is
thought to be the main synaptic or neuronal connection zone in the human feral cortex where
incoming fibres from the thalamus, the main sensory (and pain) relay centre, and other re-
gions of the cortex gather during the crucial phase of cortical target area selection. Recent
neurobiological evidence from other mammals shows that subplate is a site of spontancous
electrical acivity and that this activity is required to build a framework for the precise organ-
isation of cortical connections. The subplare is a focus of interest of paediatric neurology
because damage to this area may lead to cognitive impairment in later life.

21,2428

The first projections to the subplate from the thalamus arrive berween 12 and 18 weeks®
and wait for the overlying cortical plate to mature and facilitare the invasion of neurons from
the subplate.® Electrical activity arising from synaptic connections has been recorded in s
plate neurons in isolated slices of mammalian brain but it 1s not known whether thar acovity
can be selectively produced by thalamic connections or by noxious stmulation of body tissues
in intact animals, It i1s known that this synapric activity in the subplate performs a mamranonal
function. In non-human mammals, synaptic activity in the subplate facilitates connections be-
rween thalamus and correx and refines the early, ininally crude, connections berween the
thalamus and correx.””

sub-

By 24 weeks, substantial thalamocortical fibres have accumulated ar the superficial edge of the
subplate, which is the stepping-off point for axons growing rowards their final cortical tar-
gets.?! Berween 24 and 32 weeks, there is substantial ingrowth of thalamocortical axons in
the cortical plate of the frontal, somatosensory, visunal and auditory cortex, and formation of
the first synapses in the deep cortical plate. This is consistent with observations in nconates
with rare brain malformations, such a lyssencephaly, where the brain resembles thar of a ferus
before 23-24 wecks of gestation, and which shows a lack of connections between the cortex
and subcortical nuclei and an abnormal limbic system.**

At the same time, the relocation of neurons from the subplate to the cortical plate also begins
around 24 weeks, thus comciding with the invasion of thalamic afferents. This relocanon is ex-
tremely rapid from about 34 weeks, leading to the dissolution of the subplate as the
extracellular marrix and other growth-related and guidance molecules disappear.®! The sub-
plate has been observed to thin in the insula and in areas where cortical folding occurs rather
earlier than the rest of the cortex, from ar least 20 weeks.™ It is currendy uncertain whether
this thinning is due to earlier maturation and potentially earlier synapric activity in these re-
gions, some of which are key areas in the experience of pain in aduls,” or arrriburable to
incidental morphological changes.

The arrival of thalamic fibres and formation of thalamocorncal synapses in the newly formed
cortex from 24 weeks onwards provides the minimum connection required for cortical pro-
cessing of sensory events in the body. However, completion of the major pathways from the
periphery to the cortex, at around 24 weeks, does not signal the end of cortical development
bur the beginning of a further maturational process. As spinothalamic pathways complete their
connections with the cortex, they inereasingly stimulate the development of intracortical path-
ways, which is the next major phase of neuronal maturation. Furthermore, the cortex sends




108

connections down to the brainstem and spinal cord; the motor centres of the brain have begun
to form connections with the spinal cord and brainstem by 26-28 weeks.™ This phase involves
elaboration and refinement of neuron processes and connections, including selective elimina-
tion of some cell populations and corresponds to the cortical maturation described by
Goldman-Rakic® in primates and by Chugani® in humans. McKinstry et al.* illustrared the
effects of this development using diffusion tensor imaging in neonates born at 26 and 35 weeks.
The proliferation of cortical neurons and the overgrowth of arborisation and synaptic contacts
begins prenatally™ but continues postnatally, together with synaptic elimination, pruning and
programmed cell death 3132345

Physiological evidence

While the study of anatomical connecrions berween brain regions provides important infor-
mation about developing pain processes, the existence of a connection is not evidence of irs
function. Conneetions viewed under the microscope between the thalamus and the cortical
plate at 24 weeks, for example, may or may not transmit information from nociceptors upon
tissue damage. Fetal magnetoencephalography has been used o effectively record feral audi-
tory and visual evoked responses and spontancous brain activity of cortical origin from 28
weeks and fetal brain activation to sound has been demonstrated using functional magnetic res-
onance imaging (FMRI) from 33 weeks. It has not been possible to record directly from human
fetal cortex to establish when cornical neurons first begin to respond to tissue damaging inputs.
Near infrared spectroscopy with preterm infants in intensive care, however, has demonstrated
localised somatosensory cortical responses in premature newborn infants (from 24 weeks) fol-
lowing noxious heel lance®® and venepuncrure.’” More recently, EEG has demonstrared a clear,
time-locked, nociceptive-evoked potential in preterm infants following heel lance.™ Thus, there
is direct evidence of neural activity in primary sensory cortex following rissue damage in very
premature infants equivalent to 24 wecks of gestanonal age.

Behavioural evidence

Fetal behavioural responses have also been used as indicarors of stress or pain.®* Shortly
after the development of skin sensitivity, around 10 weeks, repeated stimulation results in hy-
perexcitability and a generalised movement of all limbs. After 26 weeks, this generalised
movement gradually gives way to more coordinated behavioural responses thar indicate
proved organisation within the nervous system. Infants delivered ar 26-31 weeks, for example,
show coordinared facial expressions in response to heel prick,* although these are immature
compared to older infants.* Four-1) images of the fetus have also been reported to show fe-

tuses ‘scrarching’, ‘smiling’, ‘crying” and ‘sucking” ar 26 weeks of gestanonal age.

-

Although these later behavioural responses are not spinal cord reflexes, the responses are snll
unlikely to involve higher cortical centres. An anencephalic ferus withdraws from noxious
stmulation, demonstrating that this response is mediated ar a subcortical level.*! Similarly, in-
fants with significant neonatal neurological injury due to a parenchymal bram injury respond
to noxious stimulation with a pattern of behavioural reactions similar to infants without brain
mjury.

Interpreting these data

The cortex is required for both the discriminative and emortional aspects of the processing of
noxious stimuli and both anatomical and functional studies show that cortical neurons begin
to receive input about sensory events in the body and the external environment from 24 weeks.
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Long axonal tracts now course through the brain to the cortex and evoked responses in the pri-
mary sensory cortex indicate the presence of a spinothalamic connection and the ability of
somatosensory cortical neurons to generate specific activity in response to tissue damaging
stimulation. The primary sensory cortex is an important area in pain processing but it is only
one of many areas that are active during pain experience. Other important areas include the
secondary somatosensory, the anterior cingulate and the insular cortices. Although we may
speculate that these regions will also be functionally active from 24 wecks, similar to primary
sensory cortex, there is no evidence for this ar the moment.

It has been suggested that subcortical regions, including the brainstem, and rransient brain
structures, including the subplate, organise responses to noxious information at each stage of
development and provide for a pain experience complete within ieself at each stage. ™ There
15, however, no evidence or rationale for subcortical and transient brain regions supporting
mature function. Although developing brain circuits often display spontancous neuronal ac-
ovity this activity is a fundamental developmental process and not evidence of marure funcrion.

The fact that the cortex can receive and process sensory inputs from 24 weeks is only the be-
ginning of the story and does not necessarily mean that the fetus is aware of pain or knows that
it is in pain. It is only after birth, when the development, organisation and reorganisation of
the cortex occurs in relation to the action and reaction of the neonate and infant to a world
of meaning and symbols, that the correx can be assumed ro have mature features. The cortex
is an important step beyond the spinal cord and brainstem because ic facilitates pain experi-
ence by enabling the higher functions of cognition, emotion and self-awareness thar are realised
in the posmatal environment. Thus, there is good evidence for claiming thar the correx is nec-
essary for pain experience but not sufficient.

The interpretanion of 4-D ulrasound images as evidence for emononal or sentient experience
in the fetus is similarly problematic. While 4-D ultrasound provides better-quality images that
can be useful to diagnose problems in feral growth or structure, they provide no new evidence
relevant to fetal sentence. As noted above, behavioural reactions can be mediated ac a very low
level in the brain and are not, therefore, evidence for experienced emotion or sentience. It is
also important to recogmise that ‘labelling” a set of movements with a functional or emotional
purpose can import too much certainty. Yawning, for example, is most likely a protecove lung
reflex that maintains proper lung inflation and prevents the developing alveoli (a kind of
sponge-like marterial} from collapsing. While this protective reflex is unnecessary in the womb
where oxygen is delivered by the umbilicus, it will be necessary soon after birth and therefore
the neural connections that mediate it need to be fully functional well in advance of birth.

Sleep and wakefulness in the womb

It has been proposed thar arguments around feral pain can be resolved by the face thar the
fetus never enters a state of wakefulness in mtero.*® This evidence is derived largely from ob-
servations of feral lambs. Rigato er al,* for example, directly observed an unanaesthenised
sheep fetus, in wtero, through a Plexiglas window, for 5000 hours without observing signs of
wﬂkaUlTlL‘&.‘i Sl'li:h as cyos ‘IPL""I- ]:'. Or COOr n?ll{.'d movement (IE L]'ll.‘ hL"dl.I. SL‘\"L'TEI facl:::rs l:x[‘!ﬂill
this lack of wakefulness, including the environment of the womb, which is warm, buoyant
and cushioned, and the presence of a chemical environment (most notably adenosine) thar pre-
serves a continuous sleep-like unconsciousness or sedation and suppresses higher cortical
activation m the presence of merusive external stmulaton. Mellor et al.* also propose that the
fetus is unconscious based on the presence of sleep-like EEG patterns observed in the lamb
fetus, which enter a more quiescent state together with lack of movement, during hypoxic
stress, " although it should be emphasised that this is quite different from the kind of nox-
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ious stress generated by surgery discussed here. Mellor et al.* report thar the general partern
of EEG during gestation is equivalent to a sleep-like stare analogous to non-rapid eye move-
ment and rapid eye movement sleep.

Interpreting these data

Although these data are derived from sheep, this species has been a useful investgative model
of human pregnancy and the extrapolation of these data to the human ferus is plausible, Being
asleep or awake 1s not as easy o distmguish in the ferus and newborn as it 1s i adules®™ bur
the broad caregories can still be classified on the basis of EEG recordings. On this basis, sleep
state differentiation appears in humans as early as 25 weeks in preterm infants and is complete
at 30 weeks.* EEG recordings in lare feral baboons support these observations and define only
rwo physiological states from EEG analysis, quiet sleep and active sleep.™

While the lack of fetal movement during anoxic stress in sheep may not be the same as the re-
sponse to acute surgical nssue damage in humans, this work does highlight the important
differences between fetal and neonatal life and the potennal pitfalls of extrapolanng from ob-
servations of newborn preterm infants to observations of the fetus. Sedation of the ferus and
suppression of corrical arousal in times of stress imply that the cortex in wtero responds dif-
ferently from the neonaral cortex and that it is only after birth, with the separation of the baby
from the uterus and the umbilical cord, thar wakefulness truly begins. This conclusion is not
inconsistent with reports of fetal conditioning and habiruation to repeated exposure of sounds
and smells in late pregnancy which are often referred to as fetal learning. Such responses do
not require a cortex in a state of wakefulness and can be induced in simple cireunits in lower
organisms.’!

Summary

Connections from the periphery to the cortex are not intact before 24 weeks of gestarion, Most
pain neuroscientists believe that the cortex is necessary for pain perception; cortical activation
correlates strongly with pain experience and an absence of cortical activity generally indicares
an absence of pain experience.”>* The lack of cortical connections before 24 weeks, therefore,
implies that pain is not possible unnl afrer 24 weeks. Even afrer 24 weeks, there is continuing
development and elaboration of intracortical networks. Furthermore, there is good evidence
that the fetus is sedated by the physical environment of the womb and usually does not awaken
before birth.
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3. Current clinical practice

Introduction

In the previous section we discussed the neurobiological basis and neuropsychological argu-
ments around the possibility of fetal awareness of pain. Here, we focus upon the clinical
perspective of fetal sensitivity to external stimuli in stero and the complex natre of the feral
stress response. Concerns have been raised thar fetal medical procedures during pregnancy
may lead not only to an immediare fetal stress response bur also have long-term consequences.
This section reviews all recent clinical developments to assess the validity of these concerns
when balanced against the uncertain narure of the evidence for long-term harm, which has
been based on postmatal rather than fetal studies, and the ubiquity of the fetal stress response,
particularly during the normal process of vaginal birth.

Normal responses to vaginal delivery

Vaginal delivery may be considered a stress-inducing event to which most fetuses are subject.
Feruses born vaginally have higher levels of catecholamines, cortisol and endorphins than those
born by elective caesarean section.™ It is unclear whether this stress response is related to the
painful sumulus of head compression or to other factors, such as mild hypoxaemia or marer-
Ilﬂl SIress, III I'Ii'-‘rl'l'lﬂl Iﬂl‘(l'l.lr, fh'ih' t‘\"idt‘[1f€ (Jf fi.'lﬂl slress Wl?ll]d I“.' L'()IISidL'I‘L'I.I a IIUrII'I'dl f('lEII
physiological response and the stress is thoughe to have benefits for feral survival. The labour-
related surge in steroids and catecholamines 1s an important factor in activatung sodium
channels and promoting the clearance of lung fluid. Babies born by caesarean section before
the onset of labour have an increased incidence of respiratory complications, such as transient
tachypnoea of the newborn.? In addition, recent data show that elements of the stress response,
perhaps noradrenaline or endorphins, have a short-rerm analgesic effect, so thar babies born
vaginally have an attenuated physiological and behavioural response to a painful stimulus
compared with those born by elective caesarean section.® Evidence of endogenous fetal anal-
gesia during vaginal birth, as well as the role of catecholamines in promoting lung fluid
reabsorprion and the respiratory depressant actions of fetal opiate exposure, all suggest that
the current approach to intrapartum analgesia, centred around maternal, rather than fetal, re-
quirements for pain relicf, is the correct one. The evidence thar stress responses during normal
vaginal delivery have benefits cannot, however, be readily extrapolated to stress responses dur-
mg pregnancy.

Fetal stress response

The fetal response to noxious stimuli, deseribed in detail in section 2, comprises two elements,
both of which need to be present for the ferus to feel pain. The first of these involves nocicep-
tion and a physiological stress response to it, while the second requires cortical processing of
the nocicepuive sumulus to produce a negative emononal perception. The evidence clearly sug-
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gests that the autonomic and endocrine pathways are in place for the fetus to mount a stress
response as early as 18 weeks of gestation, with increases in cerebral blood flow, cate-
cholamines and cortisol observed following invasive procedures.*® These responses can be
attenuated by administration of fetal analgesia at the stare of the procedure.” It is worth not-
ing that the fetal stress response can be clicited by a number of non-painful stimuli; the most
extensively described is the response to acute hypoxia, where many of the components, such
as increased cerebral blood flow, are part of a coordinated fetal response to minimise damage
to organs such as the brain and heart. Increased cercbral blood flow, catecholamines and cor-
rsol cannot therefore be interprered as evidence thar the ferus is feeling pain.

Data gathered from premature babies on intensive care units suggest that exposure to repeated,
strong stimuli can alter cardiovascular responses to a pamful samulus later in infancy and that
fetuses born with higher cortisol levels in cord blood, owing to vaginal delivery, have an altered
stress response to vaccination. These data suggest that fetal exposure to ‘stress’ in utero can
maodulate the later function of the hypothalamic=pituitary axis. From this, it has been sug-
gested thar reducing the magnitude of the minial stress response, for example by using fetal
analgesia, will have a beneficial effect. However, the degree to which these effects can be ob-
served following fetal exposure to a painful stimulus remains uncertain, as the majority of
studies to date are postnatal and refer to intense, repetitive stimuli that are not normally ex-
perienced in wtero. The uncertain benefit of attenuating the feral stress response to a noxious
stimulus i wtero by administering analgesia needs to be balanced against the pracrical diffi-
culties to the administration of effecrive feral analgesia, as well as the possibility of adverse
effects.

Gestational age and fetal pain perception

In contrast to the endocrine and haemodynamic responses to a noxious stimulus, which are eas-
ily quannfied, it has not been possible to directly measure the cortical response to such a
stimulus. Assessments about the gestation at which a ferus could feel pain are therefore made
on the basis of the existence of the necessary neural pathways for pain perception, particularly
the nature of thalamocortical connections (see section 2), as well as indirect evidence for func-
tionality based on evoked responses and evidence for a sleep-wake cycle of EEG acrivity.
Interpretation of existing data indicares that cortical processing of pain perception, and there-
fore the ability of the fetus to feel pain, cannot occur before 24 weeks of gestation and thar the
nature of cortical activity becomes more complex as gestaton advances from this point. It is

reasonable to infer from this that the fetus does not require analgesia for interventions occur-
ring before 24 weeks of gestation. Furthermore, and importantly, the evidence thar analgesia
confers any benefit on the ferus at any gestanion 1s lacking,

Fetal exposure to noxious stimuli in utero

The ferus may be exposed to a variety of noxious stimuli i wtero. The majority of feruses will
experience head compression owing to uterine contractions during labour, while a small num-
ber will have a needle placed in a blood vessel or organ. In addinon, there is the vexed question
as to whether the process of abortion represents a noxious stmulus to the fetus. In general, a
noxious stimulus is considered to include forms of nssue damage relared to physical interven-
tions, such as head compression or needling, rather than fetal hypoxia or hypoglycaemia. A
number of invasive procedures can be performed, as follows.
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Most diagnostic procedures, including amniocentesis, chorion villus sampling and feral blood
sampling from the umbilical cord do not involve fetal conract. However, on occasion it is nec-
essary to take a sample from the fetus itself, normally using a small gauge needle; for example,
when fetal blood sampling from the umbilical vein in the fetal liver, when withdrawing fluid
from a cyst or cystic organ or when carrying out a biopsy of fetal skin, liver, muscle, tumour
or other ossuc.

Again, the majority of therapeutic procedures, including fetal -ell or plarelet transfusion via the
umbilical cord and endoscopic laser ablation of twin-twin anastomoses on the placental sur-
face, do not involve feral contact. Some procedures, however, are performed directly on the
fetus, including rransfusion of donor red cells into the fetal intrahepatic umbilical vein or the
peritoneal cavity. Also, drainage of abnormal fluid collections (for example, a dilated bladder
or hydrothorax) can be achieved by a single aspiration using a needle or the percutancous in-
sertion of an indwelling shunt to the amniotic cavity. Similarly, endoscopic placement of a
balloon that is inflared in the fetal rrachea can be used to improve outcome in cases of con-
genital diaphragmarcic hernia.

As mentioned previously, there is evidence thar feral needling results in a stress response and
that this can be attenuated by administration of analgesia given directly to the ferus, In prac-
tice, maternal infusion of opiates has been used to sedare the fetus, to achieve immobilisanion,
rather than analgesia, just as muscle relaxants have been given directly to the ferus.

Open uterine surgery on the ferus is extremely unusual but has been deseribed where surgical
access to the fetus has been obtained during the second and third trimesters by performmg a
maternal hysterotomy. Feral condinions treared via this approach include congemital di-
aphragmatic hernia and spina bifida. Use of these techniques 1s currently confined to a small
number of specialist centres in the USA.

An ex utero intrapartum treatment can be performed if it is predicred thar the feral airway
will be compromised at birth, normally as a result of a cervical tumour or laryngeal atresia.
The fetus is partially delivered ar the time of caesarean section and access obtained to the air-
way while the placental circulation maintains adequate oxygenation. As these procedures are
p(.'rf‘lrl“(.'d 'll['ll.ILT I'[]ntL'rIlal F.L"[]l.'rﬂl &UI?IL“Sth'Si?I, th' fctus iS }.115(1 aI]nL“.id'lL‘ll‘SCd as a rL'SlIIt Ull
transplacental passage of the high concentrations of volatile agents given to the mother.®

Administration of fetal analgesia

Lack of access to the fetus in wtero limits ability to provide fetal analgesia. Two routes are
available, either injection directly into the fetus or cord, or ransplacental, following
administration to the woman:

® direcr feral injecrion

® ransplacental analgesia.

Direct fetal injection

Although 1t is possible to give an intramuscular or intravenous injection into the ferus under
ultrasound guidance, there are a number of practical challenges to doing so:

@ Feral analgesia 1s not considered a sufficient indication to expose a pregnancy to the
increased risk of miscarriage associated with insertion of a possible additional needle
into the amniotic cavity, This means that the injection would have to be given as part of
another diagnostic or therapeuric procedure involving the insertion of a needle.
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@ Giving an intramuscular injection before a diagnostic or therapeutic procedure will make
the fetus move, with the potential of making the subsequent procedure more
complicared.

@ The majority of procedures involving percutancous fetal needling are rapid, involving
placing the needle appropriately, taking fluid or blood and then withdrawing the needle.
There is normally insufficient nme for the analgesic o work. It is important to minimise
the time of intervention both for safety and to minimise exposure to the procedural
stimulus,

@ The needle and the trochar used for shunt placement is large (13 gauge) and not
designed for intravascular access.

These considerations mean that the only procedure currently performed for which analgesia
might be practical and appropriate is transfusion into the intrahepatic umbilical vein. This re-
ient tme (approximately 5-30

es vascular access and the procedure can last for suffi
minutes) to allow analgesia time to have an effect.

Transplacental analgesia

Given to the woman, intravenously or via epidural, opiates such as morphine and fentanyl
and benzodiazepines have all been shown to cross the placenta and have been associared with
changes in fetal heart rate and neonartal respiratory depression.® Similarly, inhaled volarile
anaesthetic gases such as isoflurane can cross the placenta. Indeed, when a woman is under gen-
eral anaesthesia itis believed thar the ferus is also anaesthetised. The fetus is more sensitive to
the effects of anaesthetic agents and so fetal anaesthesia will normally be achieved.® In preg-
nant ewes, the dose of inhalational anaesthesia necessary to achieve maternal anaesthesia is
sufficient for fetal anaesthesia.” However, in current obstetric practice maternal analgesia and
anaesthesia is titrared against maternal requirements and physiological starus rather than the
status of the fetus. Lower concentrations in fetal compared with maternal blood mean that to
achieve high fetal levels of an analgesic, such as morphine, the mother would be exposed to
the risks of opiate overdose, including respiratory depression. These certainties outweigh un-
certainty about the fetal need for analgesia.

Termination of pregnancy

A comprehensive evidence-based review of current UK practice is provided by the RCOG
guideling, The Care of Women Requesting Induced Abortion." A brief summary is provided
here.

Surgical termination may be performed between 7 and 24 weeks of pregnancy, although pro-
cedures after 12 weeks should only be performed by a very experienced surgeon. In the UK,
most centres perform surgical termination under general anaesthesia although ar earlier ges-
tations local anaesthesia with or without sedanion is increasingly used. The procedure is often
preceded by medical preparation of the cervix with prostaglandin administered around 3-6
hours earlier. This allows easier dilatation of the cervix in both parous and primigravid women
and reduces blood loss, although i some cases the administranon of prostaglandin 6 hours be-
fore evacuanon will induce significant uterine actvity, with associated pain and bleeding
requiring the surgical procedure to be expedited. The pregnancy is removed by suction through
a cannula and feral death is very rapid. After 14 wecks, termination can be performed by di-
latation and evacuation. For surgical termination in the UK, general anaesthesia is usually
administered for dilatation and this will result in transfer of anaesthetic agents to the ferus. Al-
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though fetal transfer occurs more slowly than maternal transfer, the amount of anaesthetic re-
quired 1s lower for the ferus and so feral anaesthesia will normally be achieved.® However, as
current evidence indicates the inability of the fetus to experience pain, certainly before the end
of the second trimester, it should not be necessary to consider the need for feral analgesi

Hysterotomy (incision of the uterus) is rarely carried our, excepr where vaginal delivery is con-
rraindicared because of placenta pracvia or pelvic tumour or because of a feral abnormality
such as conjoined rwins, This procedure is carried out under general anaesthesia with admin-
istration of substantially greater doses of anaestheric and analgesic agents than is required for
transcervical surgical termination of pregnancy, with consequently grearer doses reaching the
fl'l‘us.

Medical terminarion is induced by the administration of a prostaglandin, usually preceded by
the administration of the antiprogesterone mifepristone. The regimen and dose vary accord-
ing to gestation. At up to 9 weeks of amenorrhoea, the currently recommended regimen is oral
mifepristone followed 2448 hours later by misoprostol administered vaginally. Misoprostol
can also be administered orally, sublingually or bucally, although the oral route is less effec-
tive and these routes are associated with more adverse effects. Berween 9 and 12 weeks of
gestation, a second dose of prostaglandin may be administered and occasionally further doses
may be required. In the second trimester, a similar regimen of mifepristone followed by miso-
prostol, repeated as required, 1s used. The ferus is not directly manipulated during a medical
termination of pregnancy. It will, however, be subjected to the compressive forces of uterine
contractions, The likelihood of fetal death occurning during contractions or delivery, as a re-
sult of contraction related hypoxaemia, is higher ar low gestations. Although women often
receive analgesia and/or sedation during the procedure, this is for marernal benefir rather than
fetal analgesia.

Feticide

When termination of pregnancy is performed after 22 weeks of gestation, it is recommended
practice that feticide is performed before delivery, unless the fetal abnormality is lethal and
will cause the death of the fetus during or immediately after delivery.!! Although the rationale
is to ensure fetal death at delivery, some parents may find it reassuring that the ferus will not
experience any noxious stimuli during labour. Fericide can be used prior to medical termina-
tion of pregnancy for fetal abnormality afrer 22 weeks of gestation or for selective reduction
of multple pregnancies, either where one fetus has an abnormality or where the number of fe-
tuses increases the risk of marternal morbidity or pregnancy complications to unacceprable
levels.

The most common method of fe is to place a small-gauge needle into the feral heart under
ultrasound guidance and inject 1-5 ml of strong potassium chloride (15%). This causes rapid
asystole. Consideration can be also given to stopping fetal movements by the msallation of
anaesthenc andfor muscle relaxant agents immediarely before potassium chloride adminisera-
ton. The injection of digoxin into the amniotic fluid or into the fetus has also been used to
bring abour asystole.

Alternatively, if there is a possibility of vascular connection between twins (monochorionic
and acardiac twins) and where it 1s necessary to achieve vascular isolation of the dead twin,
feticide can be performed by occluding the umbilical circulanon using diathermy applied by
ecither bipolar diathermy forceps or unipolar diathermy at the fetal cord imsernon. Mulnfetal
reduction is usually performed in the late first or early second trimesrer, before 14 weeks of ges-
tation, by injection of potassium chloride into the chest cavity or hearr
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Summary

The implications for clinical practice of the neurobiological evidence presented in section 2
have been considered. Interpretation of existing data suggests that cortical processing and
therefore fetal perception of pain cannot occur before 24 weeks of gestation. [t is reasonable
to infer from this that the fetus does not require analgesia for interventions occurring before
24 weeks of gestation. Diagnostic or therapeutic procedures that involve the fetus directly are
very uncommon but do occur and can be associated with a stress response. However, this does
not indicate that the fetus is aware or can feel pain. The case for administering analgesia be-
fore an invasive procedure (in addinon to maternal general anaesthesia) afrer 24 weeks when
the neuroanatomical connections are in place, needs to be considered together with the prac-
ticalinies and risks of administration of feral analgesia in continuing pregnancies and the
uncertainties over long-term effects. Evidence thar analgesia confers any benefit on the fetus
at any gestation is lacking but should be a focus of furure rescarch thar will need to include
medium and longer-term as well as immediate outcomes. However, the need for maternal se-
dation before fetal interventions such as rransfusion or fericide is still recognised, as it provides
both maternal and procedural benefirs.
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4. Information for women
and parents

These questions and answers have been written to support women. They specifically relate to
questions some women ask when having a termination of pregnancy, undergoing an invasive
diagnostic procedure and abour feticide. The questions below address 1ssues to do with feral
awareness and pain only.

Note that cach question and answer has been written to be as self-contained as possible un-
less specific sign-posting has been given, This is because women wanting information may not
read all questions and answers.

Questions some women ask when having an abortion
before 24 weeks

Will the fetus/baby feel pain?
Nao, the fetu

sponsc o
developed special sensory structures and a joined-up nerve system between the bran and the
rest of the body to communicare such a feeling. Although the framework for the nervous sys-
tem in the growing fetus occurs early, it acmally develops very slowly. Current research shows
that the sensory structures are not developed or specialised enough o experience pain in a
fetus less than 24 wecks.

s does not experience pain. Pain relates to an unpleasant sensory or emotional re-

sue damage. To be aware of something or have pain, the body has to have

After 24 weeks, it s difficult to say that the ferus experiences pain because this, like all other
experiences, develops posmatally along with memory and other learned behaviours, In addi-
ton, increasing evidence suggests that the ferus never enters a state of wakefulness inside the
womb, The placenta produces chemicals that suppress nervous system activity and awareness.

Will the process hurt the baby?

MNo. To be hurt, you need to feel pain. Current research shows that the sensory structures are
not developed or specialised enough for a fetus to experience pain less than 24 weeks. Pain ex-
perience after 24 weeks depends upon a psychological development that is restricted before
birth. See the question *Will the fetusfbaby feel pain®”

Will the fetus/baby be born alive?

The fetus will almost always die during the abortion process. This is always true for surgical
termination, A ferus born before 22 weeks is not capable of surviving. If a medical abortion is
arried our after 21 weeks and 6 days fericide will always be offered. To ensure that the baby
is not born alive, the heart of the fetus will be stopped before the terminarion is carried out.
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This involves an injection of a solution of potassium chloride directly into the fetal heart. A
specially trained doctor carries out fencide. Before anything else is done, the feral heare will be
checked to ensure it has stopped.

When a late medical abortion is carried our and feticide is nor performed, the fetus may show
signs of life when delivered. This may involve body and limb movements. These movements
are a reflex action. They cannot be avoided and can occur after death. This can be very dis-
tressing for both the woman and the clinical team looking after her, particularly if it is
unexpected. Women undergoing late abortion should always be counselled about what might
happen and should be aware of this possibility.

How does the fetus/baby die?

There are different methods of abortion. Which type of abortion you have depends on how
many weeks pregnant you are. The different methods are:

® medical abortion — used most commonly in early and late abortions, this uses specific
drugs to end the pregnancy

@ Vacuum aspiration — used in early abortions where the contents of the womb are
removed by suction

® Surgical dilatation and evacuation = used in later abortions where the fetus is removed in
fragments.

Most abortions are carried out before the fetus has any chance of surviving outside the womb.
In medical abornons, the ferus will usually die during the process and before delivery. Current
research shows thar the sensory structures are not developed or specialised enough to experi-
ence pain in a fetus of less than 24 weeks. If the abortion is carried out over 21 weeks and 6
days, feticide will be offered. This is where a specially trained doctor injects a solution of potas-
sium chloride directly mto the fetal heart to ensure it is not born alive. Fetal death is extremely
quick.

Questions some women ask when undergoing an
invasive diagnostic procedure

‘What harm could the procedure cause the baby?

To help to find out what problem the baby has, a practitioner has to carry out an invasive di-
agnostic procedure. This will involve inserting a needle into the uterus (womb) to take either
a sample of fluid or tissue from the placenta or very occasionally from the umbilical cord. To
ensure that the needle is inserted in the correct place, ultrasound guidance (a special device that
uses sound waves to show the inside of the body to see organs and tissue) is used. All invasive
procedures carry a small risk of miscarriage. Fewer than one woman in 100 ((0.5-1%) will
have a miscarriage because of the procedure.

Will the needle hurt the baby?

MNo. The procedure involves only the placenta or umbilical cord, which do nor contain the
nerves that are necessary to signal pain.
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Does an anaesthetic or the pain relief I receive affect the baby?

If you are given a general anaesthetic for a diagnostic procedure, the substances used in this
will cross the placenta to the baby. The effect will happen more slowly to the baby and will
not cause any harm to the baby.

1f you are given other forms of pain relief, there is evidence that they will ecross the placenta to
the baby, but the doses are not large enough to cause any harm.

Can the baby be given pain relief?

No. Current rescarch shows thar the sensory structures are not developed enough or specialised
enough to respond to pain in a ferus of less than 24 weeks. See question on “Will the ferus/baby
feel pain?” In larer pregnancy, when the ferus/baby is over 24 weeks, we do not yet have enough
knowledge to know if providing pain relief would be beneficial. This means that it is extremely
difficult to know what kind of pain relief should be used, how any pain relief should be given
and whether it would be safe and effective. If pain relief was to reach the baby inside the womb,
this would mean giving the mother larger and porentially dangerous doses to try and make sure
enough crossed the placenta to the baby, This may cause more harm than benefit. Injecting pain
relief drugs directly into the baby would increase the nisk of miscarriage.

Questions some women ask when undergoing feticide
Will the baby suffer/feel pain?

Nao, the fetus does not experience pain, In addinon, mcreasing evidence suggests thar the ferus
never enters a state of wakefulness inside the womb and thar the placenta produces chemicals
that suppress nervous system activity and awareness. Fencide is always offered when an abor-
tion is carried out after 21 weeks and 6 days, unless the feral abnormality is lethal and will
cause death of the fetus during or immediately after delivery. A doctor who is specially trained
in fetal medicine carries out feticide. To ensure the baby is not born alive, the doctor will in-
ject a solution of potassium chloride directly into the fetal heart, Before anything else s done,
the fetal heart will be checked to ensure it has stopped. Death is extremely quick after fencide.

How quickly will the baby die?

When feticide has been carried our, death is extremely quick.

A question some women ask when carrying a baby with
a serious abnormality

Will the baby be in pain in the womb because of the condition that has
been diagnosed?

This is very unlikely. Current research shows thar the sensory structures are not developed or
specialised enough to respond to pain in a ferus of less than 24 wecks. Even after 24 weeks it
15 difficult to say thar the ferus experiences pain, because this, like all other experiences, de-
velops posmartally along with memory and other learned behaviours. Moreover, the
environment of the womb is usually protective with the ferus floanng in the warm amniotic

flud.
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5. Conclusions

The primary purpose of this report was to review current knowledge of the central nervous sys-
tem to assess the likelihood that the fetus in ntero could experience or be aware of pain. The
experience of pain needs cognitive, sensory and affective components, as well as the necessary
anatomical and physiological neural connections.

MNociceptors first appear at 10 weeks of gestation in the fetus but they are not sufficient for the
experience of pain in themselves. That requires that electrical activity is conducted from the re-
ceptors into the spinal cord and to the brain. Fibres to nociceptor terminals in the spinal cord
have not been demonstrated before 19 weeks of gestation, although it 1s known that the ferus
withdraws from a needle and may exhibit a stress response from about 18 weeks. At this stage,
it1s apparent that activity in the spinal cord, brain stem and mid-bran structures are sufficient
o generate reflex and humoral responses but not sufficient to support pain awareness. At the
same time, completion of the major neural pathways from the periphery to the cortex, at
around 24 weeks of gestation, heralds the beginning of a further neuronal mararation. The pro-
liferation of cortical neurons and synaptic contacts begins prenatally but continues postnatally.
Magnetic imaging technigues have recorded feral auditory and visual responses from 28 wecks
but it has not been possible to record directly when cortical neurons first begin to respond o
tissue damaging inputs, although there is evidence of neural activity in primary sensory cor-
tex in premature infants (around 24 weeks). It has been suggested that subcorncal regions can
organise responses to noxious stimuli and provide for the pain experience complete within it-
self but there is no evidence (or rationale) that the subcortical and transient brain regions
support mature function.

Thus, although the cortex can process sensory input from 24 weeks, it does not mean thar the
fetus is aware of pain. There is sound evidence for claiming the cortex is necessary for pain ex-
perience but this is not to say that it is sufficient. Similarly, the interpretation of ultrasound
images is problematic. It is important thar ‘labelling” a ser of movements, such as ‘yawning’,
with a functional or emotional purpose that is not possible does not imply such a purpose.

A further important feature is the suggestion, supported by increasing evidence, thar the ferus
never enters a state of wakefulness in wtero and is bathed in a chemical environment that in-
duces a sleep-like unconsciousness, suppressing higher cortical activation. Although this
be known with certainty, the observation highlights important differences between fetal and
neonatal life and the potential pirfalls of extrapolating observations in newborn preterm infantes
to a fetus of the same gestational age.

From the clinical perspective, there is increasing awareness of the complex nature of the feral
response to stimuli i wtero and a berter understanding of the nature and circumsrances of the
stress response, including the likelihood of any short or long term consequences. Thes
become particularly relevant when placed in the context of the normal processes involved in
vaginal, or indeed caesarean, birth. Infants born vaginally demonstrate a chemical response to
the birth processes that can be characterised as a stress response. This response can be pro-
voked by a number of non-painful stimuli, such as hypoxia, but it is not clear that the respons
15 merely that, rather than a physiological preparation for extra urerine life. Indeed, there 1s
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even the possibility of a short-term analgesic effect during the birth process. What is clear,
however, is that none of us has any memory of the pain of being born, which is not to say thar
birth, from the fetus’ point of view, could not still have been a painful process.

A number of invasive procedures are required in the practce of feral medicine, for both diag-
nostic and therapeutic purposes. Most involve needling of the cord or placenta, not the fetus
itself. In some circumstances, a needle or catheter is inserted into the fetus or a biopsy is taken
from the ferus. In these sitnanons, it is likely thar the procedure will be associated with a stress
response in the fetus and the need for analgesia has been considered. Indeed, in the previous
report, it was recommended thar the use of analgesia be considered where the ferus was over
24 weeks of gestational age. However, this more recent review has concluded thar the evidence
that the fetus can and does experience pain is less compelling and accordingly the benefir of
administering analgesia is less evident, while the risks and pracncalities of so doing remain. So
on the basis of *first do no harm’, prior to the procedures described in this report, analgesia is
no longer considered necessary, from the perspective of fetal pain or awareness. However, it is
recognised that maternal sedation confers both maternal and procedural benefits. Similarly, the
need for analgesia before terminarion of pregnancy ar advanced gestanions, whether medical
or surgical, is no longer considered necessary, although the need for feticide ar viable or im-
mediately previable gestations should still be considered.

These and related issues are considered in the revised Working Party report, Termination of
Pregnancy for Fetal Abnormality, whose findings and recommendanons supplement this re-
port. Furthermore, consideration needs to be given to the education and support of clinical staff
waorking in this difficult area.

Finally, an important addition in this report is the section on information for women and par-
ents and it is hoped that this will provide helpful guidance as well as extending the relevance
and usefulness of the report to a wider audience.
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Mr. FRANKS. You know, years ago there was a discussion about
this issue taking place, and they put a picture of a 20-week baby
up on the screen, and they asked the different participants there
was it a baby, and it was amazing how the adults had to struggle
with it. But one of the 2-year-olds in the audience, asked her, and
she said, it is a baby.
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I am always astonished how God seems to grant clarity and wis-
dom to 2-year-olds and seems to withhold it from some of the more
sophisticated adults in the world.

I just appreciate the testimony here today, and I know it is a
very emotional circumstance. Ms. Zink, I thank you for being here,
thank you for telling us your story, and I wish you the very best
in life. And I thank all of you for being here.

And without objection, all Members will have 5 legislative days
to submit to the Chair additional written questions for the wit-
nesses, which we will forward and ask the witnesses to respond to
as promptly as they can so that their answers may be made a part
of the record.

Without objection, all Members will have 5 legislative days with
which to submit any additional materials for inclusion in the
record.

With that, again, I thank the witnesses, and I thank the Mem-
bers and observers, and this meeting, hearing is adjourned.

[Whereupon, at 5:12 p.m., the Subcommittee was adjourned.]
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MATERIAL SUBMITTED FOR THE HEARING RECORD

Prepared Statement of the Honorable Lamar Smith, a Representative in
Congress from the State of Texas, and Chairman, Committee on the Judi-
ciary

H.R. 3803, the “District of Columbia Pain-Capable Unborn Child Protection Act,”
was introduced by House Constitution Subcommittee Chairman Trent Franks and
has over 180 cosponsors. The Senate companion version was introduced by Senator
Mike Lee.

There are no restrictions on abortions until birth in the District of Columbia other
than the federal law that bans partial-birth abortions. Yet since the Supreme
Court’s 1973 decision in Roe v. Wade, medical knowledge regarding the development
of unborn babies and their capacities at various stages of growth has advanced dra-
matically.

The New York Times has explored research on the ability of unborn children to
feel pain, noting the research of Kanwaljeet Anand, an Oxford- and Harvard-trained
neonatal pediatrician. According to the New York Times:

“As . . . technology improved, the preterm infants [Dr. Anand] cared for
grew younger and younger and he noticed that even the most premature
babies grimaced when pricked by a needle . . . [n]ew evidence, however,
has persuaded him that fetuses can feel pain by 20 weeks gestation (that
is, halfway through a full-term pregnancy) and possibly earlier.”

In 2004, Dr. Anand took the stand in a courtroom to testify as an expert witness
in the case of Carhart v. Ashcroft, one of the federal trials held to determine the
constitutionality of the ban on partial-birth abortions.

When asked whether a fetus would feel pain during such a procedure, Dr. Anand
answered “If the fetus is beyond 20 weeks of gestation . . . there will be pain
caused to the fetus . . . And I believe it will be severe and excruciating pain.”

Congress has the power to acknowledge these developments and enact H.R. 3803
under its authority over the District of Columbia, and prohibit abortions in D.C.
after the point at which scientific evidence shows the unborn can feel pain, with
some exceptions. Six states have already enacted the Pain-Capable Unborn Child
Protection Act at the state level.

Those six state legislatures have adopted factual findings regarding the medical
evidence that unborn children experience pain at least by 20 weeks after fertiliza-
tion, about the start of the sixth month, and they prohibit abortions after that point,
with narrowly drawn exceptions.

The Supreme Court has made clear that “The government may use its voice and
its regulatory authority to show its profound respect for the life within the woman.”
And that Congress may show such respect for the unborn through “specific regula-
tion because it implicates additional ethical and moral concerns that justify a spe-
cial prohibition.”

Further, there can be no doubt as to Congress’ authority to legislate in the Dis-
trict of Columbia due to its exclusive authority under the District Clause. (This
clause provides that Congress shall “exercise exclusive Legislation in all Cases
whatsoever” over the District established as the seat of government of the United
States, now known as the District of Columbia).

I thank Chairman Franks for his continuing leadership on this issue.

————
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Material submitted by the Honorable Trent Franks, a Representative in
Congress from the State of Arizona, and Chairman, Subcommittee on the
Constitution

THE ETHICS &
RELIGIOUS LIBERTY
COMMISSION

OF THE SOUTHERN BAPTIST CONVENTION 20 Richard Land, DUPhil (o ), President

July 18, 2012

The Honorable Trent Franks

U.S. House of Representatives

2435 Rayburn House Office Building
Washington, DC 20515

Dear Congressman Franks:

We write to thank you for your leadership in sponsoring the District of Columbia Pain-
Capable Unborn Child Protection Act (H.R. 3803) to prohibit in the nation’s capital the
abortion of unborn babies who have reached 20 weeks post-fertilization or later, except to
save the life of the mother. The Southern Baptist Ethics & Religious Liberty Commission
enthusiastically supports this bill and urges your colleagues to do the same by
cosponsoring the measure,

As you well know and as H.R. 3803 reports in its findings, strong scientific research
demonstrates that by 20 weeks after fertilization—if not much earlier—unborn babies
have the capacity to feel pain. By this stage of development, pain receptors are present
throughout an unbom baby’s body, with nerves connecting the receptors to the brain. It
therefore comes as no surprise to us that, as medical studies have shown, when babies at
this stage of development are subjected to stimuli that adults would recognize as painful,
the unborn likewise react adversely, such as by recoiling.

Yet it is alarming that Congress, which has been granted legislative jurisdiction over the
District of Columbia under Article I, Section 8 of the Constitution, allows this heinous
practice of aborting pain-capable unborn children to continue in the nation’s capital. This
atrocious practice must be stopped.

We commend you for standing on the frontlines toward that goal. The District of
Columbia Pain-Capable Unbom Child Protection Act is a much-needed response to the
terrible human rights injustice of abortions of pain-capable babies in D.C. Please know of
our commitment to stand with you in calling upon Congress to pass and President Obama
to sign this bill into law this year.

Sincerely,

2001 O

Richard D. Land

Main Office * 901 Commerce Street, Suite 550, Nashville, TN 357208 » phoac 6152442495 » far 6152420065
Lalstial House on Capitol Hill * 605 Second Sereet. NE. Washington, DL 20002 ¢ st 2025475006 » for 20547 5166

erlcoom



129

THE ETHICS &
RELIGIOUS LIBERTY
COMMISSION

OF THE SOUTHERN BAPTIST CONVENTION 2. el Richard Land, DUPhil. (o), President

July 30, 2012

The Honorable John Boehner The Honorable Eric Cantor
Speaker of the House House Majority Leader

U.S. House of Representatives U.S. House of Representatives
H-232, The Capitol H-329, The Capitol
Washington, DC 20515 Washington, DC 20515

Dear Speaker Boehner and Majonty Leader Cantor:

We write to thank you for scheduling a House vote on the District of Columbia Pain-Capable Unbomn
Child Protection Act (H.R. 3803), which would prohibit in the nation’s capital the abortion of unbom
babies who have reached 20 weeks post-fertilization or later, except to save the life of the mother.
The Southern Baptist Ethics & Religious Liberty Commissi husiastically supports this bill and
urges all representatives to do the same by voting for the measure when it is considered on the House
floor.

As you well know and as H.R. 3803 reports in its findings, strong scientific research demonstrates
that by 20 weeks after fertilization—if not much earlier—unbom babies have the capacity to feel
pain. By this stage of development, pain receptors are present throughout an unborn baby’s body,
with nerves connecting the receptors to the brain. It therefore comes as no surprise to us that, as
medical studies have shown, when babies at this stage of development are subjected to stimuli that
adults would recognize as painful, the unborn likewase react adversely, such as by recoiling,

Yet it is alarming that Congress, which has been granted legislative jurisdiction over the District of
Columbia under Article I, Section 8 of the Constitution, allows this heinous practice of aborting pain-
capable unbom children to continue in the nation’s capital. This atrocious practice must be stopped.

The Distnict of Columbia Pain-Capable Unbom Child Protection Act, sponsored by Rep. Trent
Franks, 1s a much-needed response to the ternble human rights injustice of abortions of pain-capable
babies in D.C. Thank you for making this bill a prionty before the August recess. We urge all
representatives to support enactment of H.R, 3803, Please know we will be notifying Southern

Baptists on how rep ives vote on the measure.

Sincerely,

R2.001 O

Richard D. Land

ce: The Honorable Kevin MeCarthy, House Majonity Whip
The Honorable Trent Franks

Main Office * 900 Commerce Streot, Suite 550, Nashville, TN 37208 » pdone 615244 2495 » far 6152420065
Lekand House on Capieol Hill » 506 Second Street. N.E., Washington, [ 20002 » plwe 200 5478106 o 2005475165
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EXPLERT REPORT OF KANWALJEET S. ANAND, M.B.B.S., D.Phil.

1 am a pediatrician specialized in the care of critically ill newborns and children. For
more than 20 years, I have conducted intensive research and study on the development of pain
and stress in the human newborn and fetus. The U.S. Department of Justice has asked me to
provide this expert report, describing the capacity of the fetus to feel pain and the effecis of
maternal anesthesia on that capacity, to assist the Court in its assessment of the Partial-Birth

Abortion Ban Act of 2003,

Background and Qualifications

I received an M.B.B.S. (Bachclor of Medicine/Bachelor of Surgery, cquivalent to an
M.D.) from Mahatma Gandhi Memorial Medical College in Indore, India. After post-doctoral
training in Pediatrics, I received a Rhodes Scholarship to study at the University of Oxford,
England. For research performed at Oxford, on the hormonal and metabolic responses of
premature and full-term ncwborms to the pain/stress caused by surgical operations and the effects
of anesthesia in neonates, I received a D.Phil. (Doctor of Philosophy) from the Faculty of
Medicine. Additional post-doctoral training was acquired in England, at Children’s Hospital,
Boston and at Massachusetts General Hospital, where I completed a fellowship in pediatric
critical care medicine.

I have held academic appointments at the University of Oxford, Harvard Medical School,
Emory University School of Medicine, 2nd the University of Arkansas for Medical Sciences,
where I served as Director of Critical Care Medicine in the Department of Pediatrics {1997-2003}
and remain presently employed. I currently occupy the Morris & Hettie Oakley Endowed Chair
in Pediatric Critical Care Medicinc and serve as a tenuved Professor of Pediatrics,
Anesthesiology, Pharmacology and Neurobiology at the University of Arkansas for Medical
Sciences. T serve as Director of the Pain Neurobiology Laboratory at Arkansas Children’s
Hospital Research Institute, where I study the effects of repetitive pain in early development. I
am currently conducting a long-torm study funded by the National Institutes of Ilealth examining

the effect of morphine on premature ncenates from. 23 to 32 weeks gestation. 1also serve on the

—1-
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Board of Directors of Arkansas Childrea’s Hospitat Rescarch Institute. My clinical appointment
at Arkansas Children’s Hospital, as an Attending Physician, allows me to provide care for the
patients admitted to the Pediatric Intensive Care Unit. Iam a diplomate of the American Board
of Pediatrics and the Sub-Board of Pediatric Critical Care Medicine, and licensed to practice
medicine in the State of Arkansas. Ihave previously held medical licenses in Massachusetts,
Georgia, in the United Kingdom and India.

I am the author or co-author of approximately 200 publications, and recipient of the Dr.
Michael Blacow Award from the British Paediatric Association (1986), a Pediatric Resident
Research Award from the American Academy of Pediatrics (1992), the first Young Investigator
Award in Pediatric Pain from the International Association for the Study of Pain {1994), the
Teffrey Lawson Award from the American Pain Society (2000), and numerous other awards and
honors. My research efforts have been focused on examining the immediate and long-term
effects of pain in premature and full-term newborn infants, the development of a functional pain
system during fetal and neonatal life, and the treatment of pain at these ages.

1 an being compensated by the U.S. government at the rate of $450.00 per hour for my
work on this case, plus the reimbursement of travel expenses.

During the past four years, I have testified as an expert witness in the following cases:

1. State of Texas vs. Kim Laird (pt. Michael Andrews); 9-24-2003 in Cass County Court,

Tcxas.

2. State of Arkansas vs. Roshonda Smith (pt. Christian Cogshell); 11-4-2003 in Pulaski
County Court, Jacksonville, Arkansas.

3. State of Arkansas vs. Efrem Burke (pt. Madison Crofford); Dec. 12-14, 2001 in
Craighcad County Court, Jonesboro, Arkansas.

4, Marilyn & Leon Bspinoza vs. Morristown Memiorial Hospital, S.E. Finch and others (pt.
Alexandra Espinoza), Aug.-Sept., 2000 in Newark Federal Court, Newark, New Jersey.
Attached as Appendix A is my Curriculum Vitae, which lists in more detail my academic

background, positions, research and publications. In forming the opinions contained in this

Expert Report, I have considered the following materials, attached as Appendix B:
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Intemational Association for the Study of Pain; IASP Pain Terminology. A sample list of
frequently used terms from: Classification of Chronic Pain, Second Edition, IASP Task
PForce on Taxonomy, edited by [1. Merskey and N. Bogduk, TASP Press, Seattle, 1994, pp.
209-214. (Website: hitp:/fwww.iasp-pain.org/terms-p.html)

Anand KJS, Hickey PR. Pain and its effects in the human neonate and fetus. New
England Journal of Medicine (1987) 317:1321-1329.

. Ward-Platt M, Anand KJS, Aynsley-Green A. Ontogeny of the slress response o swgery

in the human fetus, neonate and child. Intensive Care Medicine (1989) 15:844-945.
Anand KJS, Craig KD. New perspectives on the definition of pain. Pain (1996) 67: 3-6.

Anand KJS, Rovnaghi C, Walden M, Churchill J. Consciousness, behavior, and clinical
impact of the definition of pain. Pain Forum (1999) 8: 64-73.

Anand KJS, Maze M. Fentanyt, fetuses, and the stress response: signals from the
beginnings of pain? Anesthesiclogy 2001; 95 (4): 823-825.

Bhutta AT, Anand KJS. Vulnerability of the developing brain: neuronal mechanisms.
Clinics in Perinatology 2002; 29 (3): 357-372.

Anand KJS, Taylor B. Consciousness and the fetus. American Academy of Pediatrics:
Biocthics Newsletter, Jan. 1999, pp.2-3.

Coskun V, Anand KJS. Development of supraspinal pain processing. In: Anand KJS,
Stevens BJ, McGrath PJ, editors. Pain in Neonates. Vol. 10. Amsterdam: Elsevier
Bicmedical Publishers, 2000, pp. 23-54.

. Madi N, Glover V. Fetal Pain and Stecss. Chapter 11 in: Anand KIS, Stevens Bl,

McGrath PJ (editors). Pain in Neonates, 2" Bdition, Elsevier Science Publishers,
Amisterdam, 2000, pp. 217-228.

. Hepper PG, Shahidullah S. The beginnings of mind--evidence from the behavior of the

fetus. T Rep Infant Pscyhol 1994; 12:143-54.

. Molliver ME, Kostovic I, Loos Hvd. The development of synapses in cerebral cortex of

{he human [ctus, Brain Research 1973; 50:403-7.

. Smith RP, Gitau R, Glover V, Fisk NM. Pain and stress in the human fetus. European

Journal of Obstetrics, Gynecology, & Reproductive Biology 2000; 92:161-5.
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Partsch CJ, Sippell WG, MacKenzie IZ, Aynsley-Green A. The steroid hormonal milieu
of the undisturbed human fetus and mother at 16-20 weeks gestation. Journal of Clinical
Endocrinalogy & Metabolism 1991; 73:969-74.

. Teixeira M, Glover V, Fisk NM. Acute cerebral redistribution in response to invasive

procedures in the human fetus. American Journal of Obstetrics & Gynecology 1999;
181:1018-25.

Filzgerald M. Sponlaneous and evoked activity of fetal primary afferents in vivo. Nature
1987, 326:603-5.

. Kinney HC, Ottoson CK, White WF. Three-dimensional distribution ol 3H-naloxone

binding to opiate receptors in the human fetal and infant brainstem. Journal of
Comiparative Neurology 1990; 291:55-78,

. Teixeira T, Fogliani R, Giannakeulopoulos X, Glover V, Fisk NM. Fetal haemodynamic

stress response to invasive procedures. Lancet 1996; 347:624.

Kopecky EA, Ryan ML, Barrett JF, et al. Fetal response to maternally administered
morphine. American Joumal of Obstetrics & Gynecology 2000; 183:424-30.

Giannakoulopoulos X, Sepulveda W, Kourtis P, Glover V, Fisk NM. Fetal plasma
cortisol and beta-endorphin response to intrauterine needling. Lancet 1994; 344:77-81.

. Gitau R, Fisk NM, Teixeira JM, Cameron A, Glover V. Fetal hypothalamic-pituitary-

adrenal stress responscs to invasive procedures are independent of maternal responses.
Journal of Clinical Endocrinology & Metabolism 2001; 86:104-9.

Vanhatale S, van Nieuwenhuizen O. Fetal pain? Brain & Development 2000, 22:145-50.
Fisk NM, Gitau R, Teixeira JM, Giannakoulopoules X, Cameron AD, Glover VA. Effect
of direct fetal opioid analgesia on fetal hormonal and haemodynamic stress response to

intrauterine needling. Anesthesiology 2001; 95:828-835.

Saunders PI. Do fetuses feel pain? We should give them the benefit of the doubt. British
Medical Journal 1997; 314:303.

. Giamnakoulopoulos X, Teixeira J, Fisk N, Glover V. Human fetal and maternal

noradrenaline responses tc invasive procedures. Pediatric Rescarch 1999; 45:494-9.

Goldman-Rakic PS. Development of cortical circuitry and cognitive function. Child
Development 1987; 58:661-22.
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27. Craig AD. A ncw view of Puin as a Homeostatic Emotion. Trends in Neuroscicnces
2003; 26 (6): 303-307.

Summary of Opinion

It is my opinion that the human fetus possesses the ability to experience pain from 20
weeks of gestation, if not earlier, and the pain perceived by a fetus is possibly more intense than
that perceived by term newbomns or older children. The process of (a) grasping the lower
extremity of the fetus with a forceps ot other surgical instrument, (b) manipulating or rotating the
fetal position within the uterus, (c) forcible extraction of the fetal legs and lower hody through
the uterine cervix, (d) surgical incision of the fetal cranium/upper neck area of the fetus, and ()
entrance into the cranial vault (followed by vacuum suctioning of the fetal brain) during an
abortion procedure will resull in prolonged and intense pain cxperienced by the human fetus, if
that fetus is at or beyond the ncurclogical maturity associated with 20 weeks of gestation.
Anesthetic agents that ave routinely administered to the mother during this procedure would be
insufficient to ensure that the fetus does not feel pain, and higher doses of anesthetic drugs,
enough to produce fetal anesthesia, would seriously compromise the health of the mother. Thus,
it is my opinion that the fetus would be subjecicd to intense pain, ocewrring prior to fetal demise,

from the aborlion procedures described in the Parlial-Birth Abortion Ban Act of 2003.

The Capacity of the Fetus to Experience Pain

The International Association for the Study of Pain delincs pain as “an unpleasant sensory
and emotional expericnce associated with actual or potential tissue damage, or described in terms
of such damage. The inability to communicate verbally does not negate the possibility that an
individual is experiencing pain and is in need of appropriate pain-relieving treatment.” The
human fetus is cbviously incapable of verbal expression and, thercfore, the evidence for fetal
pain must be based on surrogale markers, including anatomical, functional, physiological and
behayioral indicators thal arc correlated with pain, from studies of pain in children or adults.
Multiple lines of scientific evidence converge to support the conclusion that the human fetus can

experience pain from 20 weeks of gestation, and possibly as early as 16 weeks of gestation.
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Anatomical Development:

The neura! pathways for pain include sensory receptors in the skin connected to nerve
fibers, which lead to pain processing in the dorsal hom of the spinal cord. Nerve tracts from
these spinal cord areas transmit the signals of pain to supraspinal centers located primarily in the
brainstem, thalamus, and cerebral cortex of the brain.

Fully-functioning sensory receptors appear in the skin around the mouth of the fotus at 7
weeks and spread to all skin and mucous surfaces before 20 weeks of gestation. Nerve fibers
precede the appearance of these skin receptors, and are capable of transmitting sensory stimuli
from the periphery to the spinal cord at all times. Until the maturation of connections between
unmyclinated pain-speeific fibers and spinal cord neurons is complete, pain impulses are
transmitted by a population of nerve fibers that only carry the touch sensation in later life. Torsal
horn neurons in the spinal cord begin to develop in the first trimester (before 13 weeks), with
increasing anatomical complexity and functional maturatien throughout fetal life. The pattern of
functional maturation is such that incoming painful impulses are readily transmitted to the brain,
but modulation or inhibition of these impulses does not develop until late gestation (36 to 40
weeks) or even 6-8 weeks after birth.

The architectonic organization and differentiation of the neuronal cell types in the fetal
brainstem (including the medulla, pons, and midbrain) and fetal thalamus occurs during the first
and second trimesters of pregnancy. Transient developmental characterishics appear during early
maturation in these areas; for example, the reticular thalamic nucleus plays a major role in the
fetal brain, but is not visible in the adult brain. Cellular development in these areas reveals
highly diverse, bipolar, multipolar or polymorphous, transmitter-reactive neurons, with highly
elaborate branching of dendrites during fetal development. Specific molecular markoers in these
neurons are corrclated with the functional receptors, chemical transmitters, and enzymes that are
expressed in the adult human brain. These diverse neuronal types, their elaborate dendrites and
axons, as well as their neurochemical development imply a functional role in early development.
The brainstem and thalamic areas serve as intermediate targets for the sensory axons growing
centrally from differcnt levels ol the spinal cord, which are sorted and directed towards different

cortical and sub-cortical targets.
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The imaging of glucosc metabolic rates in the nconatal brain shows the highest functionat
activity in the thalamus and brain stem, in addition to sensory cortical areas. Magnetic resonance
imaging (MRI) scans also show that the earliest myelination occurs in the posterior brainstem
and the ventrolateral nuclei of the thalamus, which are the areas associated with pain processing
during fetal development.

The cerebral cortex starts o form at about 8-10 weeks ol human gestation, although early
cortical neurons have few axonal or dendritic connections. Maturation and differentiation of
these neurons occurs in the second trimester and the sub-plate zone is formed at around 15
weeks. Massive increases in dendritic arborization and synaptogenesis begin at 18-20 weeks of
gestation, with sub-platc ncurons serving as a signaling station for axonal connections Irom the
sub-cortical areas. The fetal neocortex is penetrated by the fibers from sensory thalamic nuclei
by 20 weeks, whereas other fibers (not routed through the thalamus) have penetrated the sub-
plate zone by 13 weeks and reached the cortical plate by 16 weeks of gestation, providing the
final anatemical link for inputs to reach the developing cortex. Structural data for fetal brains at
17-40 wecks of gestation showed that cortical layer (hickness increases linearly with age, while
the number of cortical neuroms (corrected for surface and gyral growth) increases 10-fold from 12
to 28 weeks, reaching a peak at 28 to 32 weeks. Cortical columns (functional units of the
cerebral cortex) increase in the fetal sensory cortex; the number of dendritic connections varies
with age and the body-map represcntation for each columm, which may provide a structural basis
for the relationships between stimulus intensity and perception. Numerous studies show that the
time course of developmental gene expression critically depends on afferent (sensory) activity
entering the cortex. Thus, “neurons that fire together wire together” or activity-dependent effects

on gene expression lead to the establishment of cortical maps during development.

Physiological Responses:

Fetuses have been observed to exhibit hormonal stress responses to painful stimuli from
as early as 16 weeks of gestation, which provide additional evidence that the fetus can experience
pain. Studies have demonstrated that certain stress hormones (plasma cortisol, catechalamines

and p-endorphin} increascd significantly in fetuses given blood transfusions through a needle
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placed, under ultrasound guidance, in the intra-hepatic vein (reached by piercing the felus’s
abdominal wall), whereas no consistent responses accurred in the fetuses {ransfused via a needle
placed at the insertion of the umbilical cord (which is not innervated). The magnitude of the
stress hormone responses was correlated with the duration of the painful stimulation. In addition,
these hormonal responses were reduced when fentanyl (a pain-relieving opiate drug) wus
administered directly lo the fetus.

Other studies have examined the redistribution of blood flow within the fetus caused by
invasive procedures such as fetal blood sampling, body cavity aspirations, and insertion of feto-
ammiotic shunts. These studies revealed that the blood flow to the brain decreased within 70
scconds after painful stimulation in fetuses from as early as 16 weeks of gestalion, Hormonal or
circulatory responses from the fetus may not vouchsafe conscious pain perception, altheugh their
absence would be more likely if sensory stimuli from these invasive procedures were not

reaching the thalamus and hypothalamus.

Increased Sensitivity lo Pain in the Fetus:

The highest density of pain receptors per square inch of skin in human development
occurs in utero from 20 to 30 weeks gestation. During this period, the epidermis is still very
thin, leaving nerve fibers closer to the surface of the skin than in older neonates and adults. Even
though the [etus possesses excilalory pain mechanisms (receptors and fibers that recognize and
respond to painful stimuli) before 20 weeks of gestation, the pain inhibitory mechanisms (fibers
which dampen and modulate the experience of pain} do not begin to develop until 32-34 wecks
of gestation, Thus, a fetus at 20 to 32 weeks of gestation would experience a much more intense
pain than older infants or children or adults, when these age groups are subjected to similar typcs
of injury or handling. Othcr mechanisms supporting an increased sensitivity to pain during fetal

life are reviewed in the accompanying materials (Appendix B).

The Question of Fetal Consciousness:

More than 3 decades of rescarch shows that preterm infants are actively perceiving,

learning, and organizing information, and are constantly striving to regulate themselves, their
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cnvironmertt and their expenences. All preterm infants actively approach and favor experiences
that are developmentally supportive and actively avoid experiences that are developmentally
disruptive. These behaviors are designed to support the conservation of energy, the organization
of sleep-wake cycles, and the achievement of successive, age-related developmental milestones.

I preterm neonates from 23 weeks can respond to and organize their experiences, it 1s
likely that rudimentary forms of thesc abilities are present i utero, which raises the question of
fetal consciousness. Consciousness is associated with shifting patterns of activity of the cerebral
cortex, but its mechanisms are not completely understood even in the adult brain. Thus, it may
not be possible to obtain unequivocal evidence for fetal consciousness. A British Commission of
Inquiry into I'etal Sentience declared that fetuses may be conscious from six weeks ol gestation,
whereas a committee from the Royal College of Obstetrics and Gynaecology countered that
fetuses cannot be sentient before 26 weeks of gestation.

If cortical activity is considered as a marker for fetal consciousness, the
electroencephalogram {EEG) signals such activity from 19 to 20 weeks of geslulion and
sustained BEGs nan be recorded from letuscs of 23 weeks gestation. From about 20 weeks,
fetuses start responding to light, sound, touch and taste, with progressive increases in the
complexity of their spontaneous movements at this time. Somatosensory evoked potentials can
be recorded from the sensory cortex after 24 weeks of gestation.

Similar to the physiological responscs of preterm neonates, fttuses greater than 16-20
weeks respond to painful procedures with hormonal stress responses, noted from changes in
plasma cortisol, catecholamines and B-endorphin, and from changes in the pulsatility index of the
middle cerebral artery within 70 seconds after stimulation. Experimental findings show that
human fetuses can acquire distinct verbal memories [rom prenatal experiences (studied only in
the third trimester of pregnancy), which supports the concept that consciousness appears before
birth. All the lines of evidence reviewed above suggest the presence of consciousness from

about 20-22 weeks of fetal life.
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The Effect of Maternal Anesthesia on the Fetus

The effect of maternal anesthesia on the fetus’ capacity to experience pain depends on the
type of anesthetic, the dosage given, and the method of administration. To reach the fetus, a drug
administered to the mother would have to avoid metabolism by the maternal liver, enter the
maternal bloodstream, cross the placental membrane, reach the fetal circulation in sufficient
concentrations, and cross the fetal blood/brain barrier to produce significant clinical effects on
the fetus. Methods that are routinely applied, for example, a pudendal nerve block, epidural
anesthesia, or other methods of local/regional anesthesia would provide no protection against
pain to the fetus. General anesthetics (inhalational anesthetics and certain opiates, such as
fentanyl and sufentanyl) can provide some degree of pain relicf to the fetus, becausc they readily
cross the placental barrier and fetal blood/brain barrier. Nevertheless, studies of drug efficacy
using anesthetic agents show that the fetus would require a higher concentration of anesthetics in
the fetal circulation to achieve the same clinical anesthetic effects as occurring on the mother.
Thus, doses of anesthesia that would be toxic to the mother will be required to ensure that the

felus cxperiences no pain during a surgical procedure.

Dated: January 15, 2004 ~
KANWALTEETS. ANAND, M.B.B.S., D).Phil.
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committee, inc.

To: Science and Medicine Editors/Reporters M

From: Douglas Johnson, NRLC Legislative Director Ja’

(202) 626-8820, fax (202) 347-3668
Re: medical pseudo-science that endangers women and their babies

Date: Tuesday, January 2, 1996

As part of a campaign against a bill pending in Congress, certain advocacy groups have
disseminated a medical claim that has "absolutely no basis in scientific fact," according to
the physicians'-specialty group with expertise on the matter. Moreover, says the
physicians' group, this pseudo-scientific claim has itself become so widely disseminated
through the media that it now poses a danger to the health of pregnant women and their
babies.

It's a story that so far has gone virtually uncovered by the mainstream press-- although it
is the subject of an article in the January 1 edition of American Medical News, the official
newspaper of the American Medical Association (enclosed).

The bogus claim is this: anesthesia, given to a pregnant woman, kills the fetus/baby, prior
to the performance of a late-term abortion.

This claim was invented last summer by certain opponents of a bill pending in Congress
to ban the partial-birth abortion procedure. [In this procedure, a living fetus/baby (4% to
9 months) is pulled feet-first from the womb, except for the head; the back of the skull is
punctured, and the brain suctioned out.']

'Detailed documentation on the partial-birth abortion method and the reasons why
it is performed-- much of it drawn from the writings of practitioners-- is available on
request from NRLC. The enclosed drawings have been validated as medically accurate
by experts on both sides of the abortion debate.
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Specifically, certain opponents of the bill have argued as follows: (a) anesthesia given to
the mother kills the fetus/baby before the rest of the abortion procedure, therefore (b) it is
misleading to call the procedure a "partial birth," and (c) any concerns that the fetus/baby
experiences great pain during the partial-birth abortion procedure are misplaced.

However, the American Society of Anesthesiologists (ASA) recently became so
distressed by these claims that the ASA requested the opportunity to testify before the
Senate Judiciary Committee. In its testimony, the ASA said that (a) the claim that
anesthesia kills a fetus/baby has "absolutely no basis in scientific fact,” and (b) the claim
is "misleading and potentially dangerous" to pregnant women, since it may deter them
from consenting to be anesthetized for medically necessary procedures for fear of
harming their babies.

Dr. Norig Ellison, president of the American Society of Anesthesiologists, said that
regional (local) anesthesia has no effect on the fetus.? Some general anesthetics reach
the fetus in levels less than in the mother, but they do the baby no harm-- and indeed, they
"will provide no-to-little analgesia [protection from pain] to the fetus," Dr. Ellison said.

The January 1 dmerican Medical News article quotes Dr. David Birnbach, vice-president
of the Society for Obstetric Anesthesia and Perinatology, as referring to the fetal-death
claim as "crazy." Even at the extraordinarily high doses of anesthesia that (it is now
claimed) the late abortionist Dr. James McMahon utilized, "anesthesia does not kill an
infant if you don't kill the mother," Dr. Birnbach said.

Anesthesiologists stress that the continued dissemination of this misinformation is
Jeopardizing the health and lives of pregnant women and their babies in contexts
entirely unrelated to abortion. Dr. Ellison testified:

I'am deeply concerned. . . that widespread publicity [given to this claim}...may
cause pregnant women to delay necessary and perhaps life-saving medical
procedures, totally unrelated to the birthing process, due to misinformation
regarding the effect of anesthetics on the fetus. [Testimony before

Senate Judiciary Committee, Nov. 17, 1995]

The American Medical News article makes the same point:

* The best known practitioner of partial-birth abortions, Dr. Martin Haskell of
Dayton, Ohio, performs these procedures "under Jocal anesthesia,” according to his 1992
paper "Dilation and Extraction for Late Second Trimester Abortion," in which he explains
step-by-step how to perform the entire procedure. Dr. Haskell has also acknowledged, in
a tape-recorded 1993 interview with American Medical News, that most of the fetuses are
alive at the time that he removes them from the womb-- and that "80%" of these
procedures, in his practice, are "purely elective."
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Medical experts contend the claim is scientifically unsound and irresponsible,
unnecessarily worrying pregnant women who need anesthesia.... In fact, cases
of maternal concern have already surfaced. Dr. Birnbach said he has already
had patients raise questions. And Rep. Tom Coburn, MD, an Oklahoma
Republican who still delivers babies when he goes home on weekends, said he
just had a patient refuse epidural anesthesia during childbirth after hearing
those claims.

Despite the authoritative statements by the ASA and other experts, some prominent
opponents of the bill continue to propagate the myth that anesthesia kills unborn babies.
Indeed, the myth has taken on a life of its own, and it continues to spread in ever-
widening circles. (See Addendum for some examples.)

The issue raised by ASA's warning really has nothing to do with the merits or demerits of
the abortion bill itself (regarding which the ASA has no position). Regardless of the
merits of the bill, the wide dissemination of gross misinformation regarding the effects of
anesthesia on a human fetus/unborn baby is a disservice to the public, and needs to be
corrected.

Original source documents for statements quoted in this memo, and related
documentation, are available on request from NRLC, (202) 626-8820,
fax (202) 347-3668, e-mail Legfederal@aol.com.

[The American Medical News article "Anesthesiologists Question Claims in Abortion
Debate" (January 1, 1995) is attached. Other documentation is available on request,
including:

Written testimony of Dr. Norig Ellison, president, American Society of Anesthesiologists.
before the Senate Judiciary Committee, Nov. 17, 1995

Transcript of exchange among Dr. Ellison, Dr. Mary Campbell of Planned Parenthood,
and Sen. Spence Abraham (R-Mi.), Senate Judiciary Committee, Nov. 17, 1995

Letter from Dr. Norig Ellison to Senate Judiciary Committee, Nov. 22, 1995]
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ADDENDUM: EXAMPLES OF VECTORS FOR THE "ANESTHESIA MYTH"

Far from dying out, the "anesthesia myth" continues to be disseminated to ever-wider
audiences by advocates, editorial boards, reporters, and others. A few examples follow;
many others could be cited.

® On December 15, the New York Daily 7News (circulation 725,000) ran an editorial
defending partial-birth abortions, whicl\f§aid:

The fetus is partially removed from the womb, its head collapsed and brain
suctioned out so it will fit through the birth canal. The anesthesia given to the
woman Kkills the fetus before the full procedure takes place. But you won't hear
that from the anti-abortion extreme. It would have everybody believe the fetus is
dragged alive from the womb of a woman just weeks away from birth. Not true.

® One of the leading proponents (to this day) of the "anesthesia myth" is Kate
Michelman, president of the National Abortion and Reproductive Rights Action League
(NARAL). For example, in an interview on "Newsmakers," KMOX-AM in St. Louis on
Nov. 2, Ms. Michelman said:

The other side grossly distorted the procedure. There is no such thing as a 'partial-
birth'. That's, that's a term made up by people like these anti-choice folks that you
had on the radio. The fetus-- 1 mean, it is a termination of the fetal life, there's no
question about that. And the fetus, is, before the procedure begins, the
anesthesia that they give the woman already causes the demise of the fetus.
That is, it is not true that they're born partially. That is a gross distortion,
and it's really a disservice to the public to say this.

Here are a few other examples:
® Syndicated columnist Ellen Goodman wrote in mid-November that, if one relied on
statements by supporters of the bill, "You wouldn't even know that anesthesia ends the

life of such a fetus before it comes down the birth canal.”

® USA Today said in an editorial opposing the bill (Nov. 3), "The fetus dies from an
overdose of anesthesia given to its mother."

® St. Louis Post-Dispatch news story, Nov. 3: "The fetus usually dies from the
anesthesia administered to the mother before the procedure begins."
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® Senator Carol Moseley-Braun (D-11.) said during Senate floor debate on the bill (Nov
8), "The fetus dies during the first dose of anesthesia."

@ Prior to the November 1 House vote on the bill, Planned Parenthood circulated to
lawmakers a "fact sheet" titled, "H.R. 1833, Medical Questions and Answers," which
includes this statement:

"Q: When does the fetus die?

"A: The fetus dies of an overdose of anesthesia given to the mother intravenously.
A dose is calculated for the mother's weight which is 50 to 100 times the weight of
the fetus. The mother gets the anesthesia for each insertion of the dilators, twice a
day. This induces brain death in a fetus in a matter of minutes. Fetal demise
therefore occurs at the beginning of the procedure while the fetus is still in the
womb."
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SS)LIBERTY COUNSEL
Post PO Box 540629 1015 Fifteenth St. NW, Suite 1100 Post Office Box 190
Orlando, FL 32854 Washington, DC 20005 Forest, VA 24551
Telephone: 877-810+1776 Telephone:; 877-810-1776 Telephone: 877-810+1776
Liberty@libertyalliance.org Facsimile: 202-289-7474 LibertyCounselAction.org

Reply to: Washington, DC

January 27, 2012

Congressman Trent Franks

House of Representatives

2435 Rayburn House Office Building
Washington, D.C. 20515

Re: District of Columbia Pain-Capable Unborn Child Protection Act
Dear Congressman Franks:

Liberty Counsel Action, on behalf of more than 750,000 members nationwide, would like to
express support for the District of Columbia Pain-Capable Unborn Child Protection Act. Liberty
Counsel Action focuses on issues relating, in part, to the sanctity of human life, and this Act
ensures both, expectant mothers and their unbom children, receive the best care available.

It is most certainly in the best interest of expectant mothers for doctors to perform thorough
examinations of the mother and her unborn child prior to an abortion procedure. Information like
the post-fertilization age of the unborn child assists the mother in making an informed decision
about an abortion and assists the doctor in knowing how best to care for his patients.

Abortions are gruesome procedures that have lasting effects on women. Studies show abortions
can have physiological impacts, such as an increased risk of breast cancer, and the psychological
effects of consenting to the taking of a human life should not be underestimated. This bill will
not only save lives by preventing abortions after twenty weeks gestation, but will hopefully, save
the consciences of women who would otherwise endure the lifelong guilt of having subjected her
unborn child to severe pain during the abortion process.

Thank you, Congressman Franks, for introducing the District of Columbia Pain-Capable Unborn
Child Protection Act. We look forward to favorably scoring the bill when it makes it to the floor
for a vote.

Sincerely,

Son Tt

Director of Public Policy
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> of evidence regarding the fimetional organization of the vertebrate brain — spunuing from comparative
s and neuraphysiology 1o clinical data —
A novel principle relating target selection, action selection, and motivation to one another, as
a means Lo oplimize integralion for action in real lime, is introduced. With its help, the principal macrosysiems of the vertebrate
hrain can be seen to form a centralized fimctional design in which an npper brain stem system organized for conscious function
ion control. This upper brain stem system retained a kev role thronghout the evolutionary

is reviewed lor ils bearing on conceplions of the

process by which an cxpanding forchrain ~ culminating in the cercbral corlex of mammals — came o serve as a medium for the

elaboration of couscious contents. This big
the basal diencephalon, int
Timited-capaci
cortival territories uuphmtt‘d iz attentional and cousciov

input. This .mlpq explain the purposive, goal-directad behav

mechanisms arc int

Keywoerds: action scloclion; ancnecphaly,
1nacrosystelns; motivation; target selection; zona incerta

1. introduction

The four semi-independent pacemukers of the non-
cephalized nervous system of the cubumedusa equip this
predatory jellvfish with flexible directional locomotor
responsiveness to asymmetric sensory inputs (Sattorlic &
Nolen 2001). There is no reason 1o assume that the

environmental guidance thus supplied by its radially
arranged nerve net, involves or gives rise to experience
of a ) kind. Our own Ln\,iromnentdl orientation, ou the
other hand, commonly takes place in a state of wakefudness
we call conscious, which typically involves sceing, hearing,
feeling, or other kinds of experience. Snmewhexe hetween
medusa and human there is a transition to couscious fune-
lion, and the nature of the capacity it hestows has exer-
cised psychology, neuroscience, and cognitive studies
since their inceptions (Adrian et al. 1954; Banrs
1986 iamm 1890/1983; Mandler 1975).

There is no compelling reason to think thal nervous
systerns more complex than those of the medusa, and
capable of periorming maore sophisticated functions,
should not also perform in a perpetual night of wneon-
sciousness, The fact that not all of them do so suggests
that consciousness has some role or function to fill in the
neural cconomy of brains thus endowed (Scarle 1992).
In cxploring what this might involve, the cxclusive
concern throughout what follows will be with conscious-
ness in its most basic and general sense, that is, as the

© 2007 Qambride University Prass C140-525X/07 540.00

rhly conserv ed apper brainstenn system, whick ex
ates the massively parallel and distributed information capucit
sequential mode of operation required for coherent hehavior.
frnctis
dor exhibited hy mammals after experimental decorlication, as wel
the evidence that (hx dren horn without a cortex are conscious.

al o the eonstilution of the conscious stale, and that an adrqual. account of neural mechanisms of conscious
function cannot he confined to the thalamoeortical complex alone.

ecatral decision maki

s from the roof of the wmidbrain to
of the cerebral hemispheres into the
It maintains spacial connective relations with
but is not rendered uonfunctiondl in the absence of untmdl
as
nstem

Taken together these circumstances suggest that bra

conscipusaess; conlrol architeciures; hydrancneephaly;

stale or condition presupposed by any experience whalso-
ever. Given recent proliferation of terminology surround-
ing the concept of consciousness (see Morin 2006 for a
usefil anal [ysis and integration), the followi ving additional
remarks should hr‘lp p|ax‘(‘ this usage in context.

As employed here, the attribution of consciousness is
not predicated upon any particular level or degree of com-
plexity of the processes or contents that coustitute the con-
scious state, but only upon whatever wrrangement of those
processes or coutents makes experience itself pussible. To
the oxtent that any pereept, simple or sophisticated, is
cxperienced, it is conscious, and similarly for any fecling,
even il vague, or any impulse lo action, however inchoate.

2

BjornN MERKIR is a neurescicaiist with longsianding
interest i brain mechanistns of consciousuess: In ar
undergraduate tersi paper of 1971 he proposed the
thalamic reticular nuciens as a central mechanism of
attention ou the basis of its unatomy and inhibitory vou-
nec
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1950 with a dissertalion on the hamstor en
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in cats, on the priwary visuul cortex i

. He ohtained his doctorate (rom the Depart-
in

song dc\clopmm)l and mirror sell-rccog in
wibbons, and on the evolationary and developmental
background to bmnan wusic.
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This agrees well with the type of dictionary definition that
renders consciousness as “the statc or activity that is
characterized l}y sensation, ernotion, volition, or th{)ught"
(Websters Third New International Dictionary, nab-
ridged edition, T961). Tn this basic sense, then, conscious-
ness may be re;farrle-o most simply as the * “medium” of any
and all possﬂ)]P experience,

With xeuzufl to ﬂlt’ way in which this mediam might be
i l}ﬂenwnted e the present treatiment is committed
to an architectonic rather than a quantitative (or “graded”)
view. That is, as here conceived, a conscious mode of fune-
tioning is d pr‘,nd(‘ni upen quite spor,iﬁv neural arrange-
ments creating interfaces of particular kinds between
specific domains of neural function, rather than a result
of a general increase in mformational capacity or complex-
ity achicved by expansion of a structural substrate which
below a certain size does nel supporl consciousness.
"Thus, what diqqm;]i!im the mediusa norve net in this
<|(] is not its simplicity, butiis lack ol specific structural
wiraigements required to support conscious function,
Given an wirangement ble of supporting conscious-
ncss, its contents may differ widely in complexity or
sophistication. 'The range of possibilities in this regard is
lelicitously caplured by the “scale of sentience” of Indian
tradition (Bagehi 1973, as follows:

“This is s0.”
“T aw uffocted by this which is so
“So this is | who am affected by this which is so0.”

Fach “stage” in this scale, [rom mere experienced sen-

sation to self-cousciousness, falls within the compass of

consciousness as here defined, and presupposes it
Accordingly, to sce, to hear, to fecl, or otherwise to experi-
cnee something is 1o be conseious, lrrv:p(‘(‘h\c of whether
in addition onc is awarc that onc is sceing, hearing, and so
forth, as cogently argued by Dretske (1993; see also
Merker 1997; Searle 1992). Such additional awareness,
in reflective consciousacss or sclf-comsciousness, is one
of many contents of consciousness available to creatures
with vnphieh(atr‘d cognitive  capacitics.  Howcver, as
noted by Marin (2006), even in their case, it is present
only intermitlent! vy, in a kind ol time-sharing with more
immediate, unreflective experience. To Il in the
latter is not to fall unconscious, but to be unsclfconsciously
couscions. Reflective awareness is thus mwore akdu to a
luxury of consciousness on the part of certain big-
brained species, and not its delining properly.

The exploration of the constitution of the conscious
state to be pursued here will vield a conception of its func-
tional role l'E\r’U]Villg around integration for action. As such,
its functional utility will turn out ty be independent of the
level of sophistication at which the contents it intcgrates
are deflined. This opens the possibility that the evolution
of its cssenlial mechanisms did not have {o awail advaneed
stages of cortical development, but took place indepen-
dauﬂy of it. As we shall see, certain fundamental features
of vertebrate brain organization suggest that key mechau-
isms of consciousness arc implemented in the midbrain
and basal diencephalon, while the telencephalon serves
as a medium lor the inercasingly sophisticated elaboration
of conscious contents.

With sonie notable exceptions (e.d

1989; Punksepp 1982; Parvizi & Damasio 2001;

Bogen 1995; Brown
Scheibel &
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Scheibel 1977; Sewards & Sewards 2000; Thompson 1893
Watt 2000}, brainstem mechanisms have not figured pro-
minent]y in the upsurge of interest in the watare aud
organization of consciousness that was ushered in with
cognilivism in psychology and newroscience (Baars T988;
Mandler 1975; Miller 1986). Few cognitivisls or neuro-
scientists would today object to the assertion that “cortex
is the organ of consciousne: Thi: in a sense, a
return to an older view of the supremacy of the cerebral
cortex from which a fundamental discovery of the late
19405 had stimulated a partial retreal. Tn Lrepm(r with
the scnse thal the corchral corlex is the organ of higher
functions, it had been widely assumed that the rsgulatlon
of its two primary states — slem) and wakefulie was a
cortical fanction, as well (see, e, the critical discussion
of this stance in Gamper 1926, pp. 68-7%). then, in the
late 19405, Moruzzi and Magoun (1949} discovered that
local stimulation of circumseribed ecll groups in the
pons and midbrain ol experimental animals exerls a
global activating influence on the cerebral cortex as well
as on behavioral state, and that experimental lesions in
these brainstem sites are capable of rendering animals
somnolent and even comalose {(Magoun 1954; of. Parvizi
& Tamasio 2003). This came as a shoek to the cortics
centric perspective, and slimulaled an avalanche of
research on brainstem rembtlon of sleep and wakefuluess
and its relationship to thr.' Cons s state (swnmarized in
cvmpmmm volumes cdited by Adrian ct al. [954; Jasper
ol al. 1958; and Yecles 1966).

‘l']wmo cfforts proved o be so successhil that the once
daring proposal that the Dbrainstem regulaies cortical
state is uuproblematic today, The same cannot be said of
an allied, largely neglected, but even more radical proposal

that omerged from the samec pioncering wave of con-
seiousness smdm". Seme of the principals in these devel-

opments - notably the neuroswrgeon Wilder Penficld
and his colleage Herberl Jasper — wenl on 1o re-
exaniine the routine asswmption that another “higher func-
tion.” closcly allicd to that of sleep and wakefulness,
namely consciousness, is an exclusively cortical affair
(Penfield & Jasper 1954), On the basis of a st of clinical
and physiological observations centered on the epilepsies,
these athors proposed thal the highesi inlegralive func-
tions of the brain are not completed. at the cortical lev
but in an upper brainstem system of central mhLLemg('m”'
suppliying the key reshanisi of consciousness (Penfield
1952). As their proposal is the natural point of departure
for the present one, which claborates and updates it in
the light ol subsequent developments, a briel review of
its history follows,

2. Cli

cal beginnings

Penficld and Jasper left the anatomical definition of the
upper brainstem systemn they invoked somewhat vague,
bt it was suggested to include the midbraiv reticular for-
mation and its extension into what was then lmown as the
“nonspecific” thalamus (a nuclear grouping encompassing
the midline, intralaminar, and reticidar thalamic nuoclei).
They regarded this anatomically subeortical system to be
funclionally supra-corlical in the sense ol occupying a
mpermﬂiu‘dte position relative to the verebral cortex in
functional or control termns (Peufield & Jasper 1834,
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PP 28, 77: see seets. 3 and 4 of the target article following).
Th led it the “centrencephalic system,” and assigned
it a erucial role in the organization of conscious and voli-
tional functions (ibid., p. 473). Figure 1 is based on a
figure illustrating A, Fessard's lueid aceount of the concep-
tual setting for these ideas, included in the first of the 5

sitm volumes cited earlier (Fessard 1954).

The Penfield and Jasper proposal emerged from exten-
sive experience derived from an innovation in neurosurgi-
cal practice: they routinely removed sizeable sectors of
cortex in conscious patients for the control of intractable
epilepsy (Penfield & Jasper 1954). By performing the
surgery under local anesthesia only, the authors ensured
that their patients remained conscious, cooperative, and
capable ntP‘selfvrep(}rt throughout the operation. This
allowed the newrosurgeons to electrically stimulate the
exposed cortex while commu ng with the patient, in
order to locate functionally cri ical areas to Ll.‘ spared
when removing g 1ieptngen1c tissue. They then proceeded
to remove cortical tissue while cont to communicate
with the p
removal of sizeable sectors of cortex such as those dia-
grammed in the mmpnsilc of Figure 2 never interrupted
the patient’s continuity of consciousness even while the
tissue was heing surgically removed.

Penfield and Jasper note that a cortical removal even as
radical as hemispherectomy does not de’pn\uc a patient of
consciousness, but rather of cerlain forms of information,
discriminative capacities, or abilities, but not of conscious-
ness itself (Penfield & Jasper 1954, p. 477; ef. Devlin et al,
2003). That does not mean that no cortical insult is capable
ol compromising consciousness. In adult humans massive

Figure 1. Four pnlmpa'l alternatives ngnn]mg interactions
between cortex and brainstem in the constitution of the con-
scious state. Cortex (large oval) and brainstem (small oval)
highly sck i iew. Small circle: “contre
phalic system. B wl waking cortical fune-
tion is assumed to require “enabling’ tion originating in the
brain stem, marked by three dashed arrows radiating from brain-
stem o cortex. Upper lefl: the “corticocentric” alternative, in
which integration ch rough cortico-cortical eonnections alone is
sullicient o constitute the conseions state. Upper right: Cortical
integration via a subeortical relay, such as might oceur via the
dorsal thalamus. Only one such relay is depicted for the sake of
clarity. The scheme is still corticocentric, since integration is cor-
tical, albeit dependent upon extracortical relays for its implemen-
tation. Lower left: Centrencephalic hypothesis, based on
dingram IV in Fessard {1954), Here an essential functional com-
ponent of consciousness is supplied by brainstem mechanisms
interacting with the cortex. Lower right: Primary consciousness
implemented in the brainstem alone, as in cases of cortical
removal or damage discussed in sections 4.4 and 5 of the text.

Merker: Consciousness without a cerebral cortex

Figure 2. Large cortical excisions performed under local
anesthesia by W. Penfield for the contral of intractable epilepsy
in three patients, entered on a single diagram. The patients
remained conscious and communicative throughout the oper-
ation. All removals extended to the midline. The two posterior
cases were right-sided, whereas the frontal removal was lefi-
sidded, and has been mirror-imaged. In no case was the removal
of cortical tissue accompanied by a loss of consciousness, eeen as
it took place. (Redrawn after figures V12, XIH-2, and XVII-T of
Penfield & Jasper 1954.)

hilateral cortical damage will typically issue in a so-called
persistent vegetative state (Jennett 2002). This by itsell
does not, however, allow us to make an equation
between curllt..ll fu tion and consciousness, because
such d by disrupts nu brainstem
mechanisms normally in receipt of cortical input, as dis-
cussed further in subsequent sections (see Shewmon
2004 for the conceptual and empirical complexities of
the vegetative state). What impressed Penfield and
{:wp:"r was the extent to which the cerebral cortex could
e sul‘jl:('t('d to acute insult without pmdl @ 50 much
as an interruption in the continuity of consciousness.
Their opinion in this regard bears some weight, in that
their magnum opus of 1954 — Epilepsy and the Functional
Anatony of the Human Brain — summarizes and evaluates
experience with 750 such operations.

When the exposed cortex was stimulated electrically to
assess functional localization, stimulation parameters
were adjusted so as to avoid triggering epileptic seizures
in the patient. From time to time seizures were neverthe-
less triggered inadvertently. Over the large number of
operations performed, ¢ variety of seizure was thus
pmdllcud h}' cortical st ation, except one: Penfield
and Jasper never saw the complete electrographic
pattern that accompanies absence epilepsy induced by
electrical stimulation of any part of the cerebral cortex
(Penfield & Jasper 1954, p. 450). This pattern of 3 per
second trains of “spike :lTILF\\".‘l\-’E" discharges evolves syn-
chronously in the two hemispheres, down to a coincidence
in the two hemispheres of the very first abnormal spike
detectable in the electroencephalogram (Gibbs et al.
1936, 1937; Penfield & Jasper 1954, p. 483, Fig, XII-3,
p. 624, Fig. XV-26, ete.).

Seizures of this type bear directly on our topic because
of their conspicuous association with dl\'llll‘l)ﬂll('(s of con-
sciousness (Penfield &Ij'u.per 1954, pp. 24, 28). In fact,
they are often initiated by a [apsc ol conscion:

477), and in pure form !fat}' ‘consist almost sole
lapse of conscious {p. 480). Without a preceding
“aura” or other waming, and in the midst of normal activi-
ties, the patient assumes a vacant expression (“blank

BEHAVIORAL AND BRAIN SCIENCES (2007) 301 65
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and becomes unresponsive. Ongoing activities may
continue in the form of awtomatisms {as complC\ as auto-
nizatic 5y)ct:uh, inlplying nrgzmi.ﬁ,d cortical act , DT they
may arrcst for the duration of the often-brief scizure
episode. Al the end of such a seizure, which may last no
more than a lew seconds, the palieni, who typically
remiging upnu it tluouﬂhuut sonmetimes actively moving,
resumes couscious clLU‘.’ltlf?\ where they were iutex‘x‘nptad,
has amnesia for what *r;m\;p:red dnring the enisuf}e and
may have no knowledge that the cpisode ook place
F‘\CF‘Pl indivectly, by means ol evidence for the lapse of
time available (o the discursive, post-sciznre, inteileet.

Penfield und Jusper recoguized in these seizures “a
wigue opportunity to study the newromal substratun
of consciousness” (Penfield & Jasper 1954, p. 480; of,
Blumenfeld & Taylor 2003). The coincident bilateral
ongel and cessation of these seizures suggested lo the
authars an origin in a centrally placed upper brainstem
site of paroxysmal induclion (Penfield & Jasper 1954, pp.
27, 473, 477, 482, 622-633), Though in their experience
the pattern was not triggered by cortical stimulation, it
could be evoked cxperimentally in the cat by stimulation
of Me midline thalamus \Impen & l)mn;lee r-Fortuyn
1947). Madern methods have added both detail and qua-
]iﬂraimm 1o the Penfield and Jasper account (see review
by Meeren et al. 2005), vet upper brainstern involvement
in absence epilepsy has stood the test of time, and is still
being  actively pursued both  clinically and through
rescarch  employing  animal  models  (Blumenicld &
"laylor 2003; Danober ot al. 1998; Dorensart ct al. 2001;
McCormick & Contreras 2001; Stefan & Snend 1997;
Strafstrom 2006). We shall return to this matter in
Section 4.5.3.

Penficld and Jasper stressed that the postulated cen-
trencephalic systom s syminetrically related lo hoth
cerebral hemispheres (in the sense of radial rather than
hilateral symmelry {see Penfield & Jasper 1934, p. 43,
and figures on pp, 143 and 173). They denied that this
svstem “functions by itsclf alone, independent of the
cortex” and xnggasted insteadd that it “functions n()rmd]ly
only by means of employment of varions cortical arcas”
(Penflield & Jasper 1934, pp. 473—474). They conceived
of il as convergently innervaled upper brainstem

sstem serving to coordinate and integrate the functional
economy of the forebrain as a whole, intimately involved
in conscions and volitioual functions, as well ay in the
laying down of memorics across the lifespan (Penficld &
Jasper 1954, pp. 140- 145, 282).

3. Bringing the centrencephalic proposal
up to date

A valuable review ol the centrencephalic prnpnﬂl in Tight
of d(‘\olopmr‘nlc till the end of the (880s, is pmwd(‘d by
Thompson 1‘)9% published posthwmnously). Ile calls
attention to the rele\ ance of the clinical literature on so
called “subcortical dementia” to the centrencephalic
theory, and further sup,gmts that animal cvidence for a
subcortical © “gene earning syslem” may supply some
of the anatomical delail lofl unspecifiod by Penlicld and
Jasper. This “general learning system” is deflined hy
neural structures which, when damaged, produce deficits
in evch member of & set of highly diverse learming tests
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for rats. As identified through a long-term research
program conducted by Thompson and collcagues, it cor
sists of the basal gdlwha mdudnw the aul}az‘unha g
md ventral tegmental arca, wnhalatma{ thalamus,
superior mlhr.xlu:, median raphé, and pontine reticular
formation, The functional significance of key members of
this constellation (which has uccess to sensory information
inde}mudenﬂy of the cortex) Is considered in some detail
in Section 4 of the target article, for which the fUH()\WMg
preliminary considerations will set the stage.

The central claim of the Penflield and Jasper hypothesis
is a claim regarding systems-lovel organization of neural
functions. The idea that a system can be “anatomically sub-
cortical but functional npm"mﬁul iy @ statemnent
about brain macrosystems and how they relate and inter-
act with one another. 1t is most casil appmo.mcd from
the side of the “linal common path™ of all brain output
as far as actial behavior is concerned, namely brainstom
and spinal motoneuron pools. Not only are these clusters
of final output cells in\fa.riabl'\' mnervated b},f nm]ﬁple
sources of afference {Graf et al, 2002; Kuypers & Martin
1982; Nudo & Masterton 1988; Ugolini 1995), but individ-
nal motoneurons receive synaptic inpul from diverse
sowrces utilizing different transmiliors (Holstoge 1991,
Wenlzel et al. 1995). These sources include spinal and
brainstem pattern generators (Grillner 2003}, various ter-
ritories of the brain stem reticular formation (Jordan
1898), and a multitude of both dircet and indircet brain-

stom and forchrain allerents, among which the indircet
ones often are relaved via the reticular formation (Zahm
20061,

Thus, the fact that the motor cortex maintains divect
conncetions with brainstem and spinal motoncurons by
no means implics that it cver is in solc command of beha-
viar. Al every level of its descending innervation of moto-
neuron pools it is only one of many inpuds delermining
{inal oidcomes, Moreover, the molor cortex accounts for
just a fraction of descending cortical output, and is respon-
sible for only sclect forms of distal bchavior (Lang &
Schieber J)’h Lawrence & Kuypers 1968; Kuvpers
1982, 1987). In such a sctting, the idea that the output
ol a subcortical structure might override a cortical one,
and in this sense could exercise supra-cortical conlrol
over hehavior, is hardly controversial. When an act of
i te effort (suy driven by prefrontal executive
y i sful in ()’verridlug Or iuhibiting a given
behavioral tendency, the cortex is in command of beha-
vior, temporarily cxercising determining control over its
course, The fact that such ellorl does not always succeed
(say i the face of sufficient magnitudes of fear, hunger,
ar pain) means that the {rontal exscidive can he overrid-
den by more primitive mechanisios. When a subcortical
sourec provails in such competitive interactions, an anato-
mically subcortical system has exercised supra-cortical
{unciional control over behavior,

It is necessary, in other words, to distingish “higher” in
the sense of cognitive sophistication from “higher” in
control terms, In this light, the Penfield and Jasper propo-
sal amounts to a claim that certain wpper brainstem
systems in receipt of convergent cortical projections
acCupy a iup(‘mrdm.h(\ paqlhon in the latter sonsc. As {
detail further in subsequent sections, the diverse hemi-
spheric as well as brainstem input to these uctures
equips them for the kind of superordinate decision
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making crucial for the global sequencing and control of
behavior (Proscott ct al. 1999). It is also within processes
dedicated to integration for action” that we con find a
well-defined functional role for a partoddar mode of
neural organization thal qualilies as conscious, in good
agreement with the Penlield and Jasper proposal. To set
the stage for a treatment of that more demanding topic
in sectious 4 and 5, twe lines of evidence regar dingl aiil-
stem functivn that bear on their pmpos(d are bxieﬂy
reviewed.

3.1. The Sprague effect

Complete removal of the posterior visual areas of one
hemisphere in the cat (parictal arcas included) renders
the animal profoundly and permanently unresponsive to
visual stimudi in the hall of space opposite the corlical
removal (Sprague 1966; see ulso, Sherman 1974; Wallace
el al. 1989). The animal appears blind in a manner
bling the cortical blindness that follows radical dar
the genienlostriate system in humans. Yet inflicting
additional damage on such a severcly impaircd animal a
the midbrain 16\9] restores the animal's ability to orient

o and lo 1ﬂr'1li7c stimuli in the formerly blind ficid
(Sprague 1966; of. Sherman 1977, Wallace el al. T986).
This is accomplished by removing the coutralateral

superior colliculus or by an intervention as small as a
knifc-cut that severs fibers running in the central portion
of the collicular commissure. That is, adding a small
amount of damage in the brainstem to the cortical
damage “cures” whal appeared 1o be a hehavioral effect
of massive cortical damage, The rvestored visual capacity
is limited essentially to the ability to orient to and approach
the location of moving visual stimuli in space (Wallace
ot al. [989). Visual pailern diserimination capacity docs
not recover after the midbrain intervention (Loop &
Sherman 1977), though the midbrain mechanism can be
shown to play a role even in such tasks (Sprague 1991).

The Sprague offect is a conscquence of secondary
effects gener:—lted at the brainstem level by the nuilateral
cortical removal (Hikosaka & Wortz 1989; Hovda &
Villablanca 1990 Tiang el al. 2003). The damage not only
deprives the ipsilateral superior colliculus of its normal
and profuse cortical input (Berson & Mcllwain 1983;
Harting ot al. 1992; Palmer ot al. 197 bplacm 19753,
but it unbalances collicular function v
pathways. Chicf of these is the powerful mlnbltor\' projee-
tion from the substantia nigra to the collicudus.” which
crosses the midline in a narrow central portion of the
collicwlar commissure (Mcllaffie et al 1883; ‘sprague
1996; Wallace et al. 1090; for additional possib .
Durmer & Rosenquist 2001). The “restorative” interven-
tions partially correet this imbalance, allowing the collicu-
{ar mechanism {0 resume ai least 1 of its normal
functional contribution 1o behavior, with partial restor-
ation of visually guided behavior as a result.

The poiut i wnderscored by the analogous circum-
statices pertaining to the neglect of one half of s (ami-
lateral negleet) that follows morc limited inactivation of
the cortes (by reversible eooling) at the junction of occipi-
tal, parictal, and temporal lobes in one hemisphere of the
cal. This neglect also lifts 1pon inactivation (by reversible
c{)oling) of the mperjor colliculus upp()site to the cortical
imactivation  (Lomber &  Payne 1996),  Anazlogous
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restorative effects of midbrain damage on neglect caused
by frontal cortical damage have been observed in a
hmnan patient (Weddell 2004). Th(,\ngh the mnawareness
featurcd in cases of unifateral neglect in humans is far
from a simple entity (see review by Mesulam 1909), it
bears on our topic by being perhaps the closest approxi-
mation to an impairment that includes specific effects on
cousciowsness  produced by localized “cortical damage
(Driver & Vuillewmier 2001; Rees 2001; see also Thmu
ot al. 2003).

The Sprague ellect demonsirates that hidden in the
hemianopia or negleet cased by corlical damage lies a
deficit on the part of 4 brainstem visual mechanism dis-
abled as a secondary effect of the cortical removal. This
means that o fanctional deficit following damage limited
to the cortex cannot, as a matter of course, be taken to
reflect. an exclusively corlical contrilndion 1o funclional
capacily, becaise the deficit may refleet “remoic” ofleets

brainstem systems, as well. As Sprague originally
expressed

The hieminumopia that follows unilateral removal of the cortex

that: mediales visual hehavior carnal he F‘(pamed simply in

classical terms of intevruption of the visual radiations that

scrve corlical netion. I p‘malmn of the deficit requires a

broader poinl of view, namely, that visual 7Ll5’nl|0ﬂ and per-

ception are mediated at ba b forebrain sud widt feve:
which interact in their conlrol of visually guided bchavi

{Spragae 1966, p. 1547}

That conclusion agrees well with the Penfield and
TJasper perspective reviewed in the foregoing; and it tells
us that without cognizance of potential subcortical contri-
buticns to a deficit cansed by cortical damage, the seope of
functions attributed to the cortex will be counterfactually
inflated.

3.2. Target selection in the midbrain

Although super
lus in the roof

ally inconspicuous, the superior collicu-
of the midbrain exbibits con-

siderabile \tl‘\lLtHrdl and  functional u)mpl& L(mg
known to play a role in “visual grasping” or “foveation”
{TTess et al. 1946; Schiller & Koerner 1971), {urlher

stucy has revealed mexpected sophistication in its func-
tional organization (Keller et ul. 2005; Krauzhs et al.
2004; May 2005; Sparks 1999). It is the only sitc in the
brain in which the spatial senses are t()pugraphicaﬂy
superposed in laminar fashion within a common, pic-
molor, framework for mulii-effector control of orienting
{(Merker T980). Tts functional role appears 1o center on
convergent integration of diverse sources of information
bearing on spatially triggered replacement of one belia-
vioral target by another, and evidence is accumulating
for a collicular vole I target sclection (Basso & Wurtz
1998, 2002, Carello & Krauzlis 2004; Cavanaugh &
Wurlz 2004; Feelcaw & Munoz 2006, Climeher &
Sparks 1992; Horowitz & Newsome 1999; Krauzlis et al.
2004; McPeek & Keller 2004; Schlag-Rey et al. 1992;
Wurtz & Mohler 1974; see also Grobstein 1988, pp, 44—
45} Such a role has dircet implications for the topic of
superordinate control functions.

A collicular role in targel seleetion is unlikely Lo be a
passive reflection of decisions taken in other striclires.
Tt is not Nully accounted for by the powerlol input it
receives frowt the substantia nigra (Basso & Wurtz
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, and the diversity of collicular afferents precludes
any one of them from exercising sole control over collicu-
lar fanetiou. These afferents include a wide Tange of braiu-
stem (Edwards 1980; Edwards ct al. 1979) and 'ﬂ‘sual as
well as nonvisual cortical sources {Collins et al. 2005;
Harting et al. 1692, 1997, Kawamura & Konno 1979
Sherman et al. 1979}, Cortical afferents are monosynaptic,
originating in layer V pyramidal cells, placing the colliculus
as (lme tu the cortex as two U)rm:n Ll} TS are w one
another. In the cat they include some 17 visual arcas
(Harling et al. 1992), and in primales there are contri-
butions {rom hoth the dorsal (parictal cortex) and the
ventral (temnporal cortex) “streams” of the visual system
(Fries 1984; Steele & Weller 1993; Webster et al. 1993).
Any sensory modality wed in phasic orienting behavior
appears to reecive obligatory representation in the collicu-
lus. Besides the major spatial senses of vision, audilion,
and somesthesis, they include pain (Wang & Redgrave
1997} and exolic senses such as infrared \Thr(hne el al.
1978), electroceptive (Bastian 1982), maguetic (Newec
et al. 2001), and echolocation systems (Valentine & Moss
1897), depending on specics

In the colliculus these diverse convergent inpuds are
arranged in {npn phically organized Qhr‘(‘lc layered one
upon the olher through the depths of the “colliculus
(Iarting et al, 1992; M 003), Intrinsic collicudar cireni-
try lernbhtc-s exutaton as well as inhibitory coll
activity within and across lavers and across major col
subdivisions (Behan & Kime 1996; Boll o al. 2008; Binns
1999; Doubell ot al. 2003, Too ot al. 1997; Moredith &
King 2004: Meredith & Ramoa 1998; Mize et al. 1994;
OLen et al. 2000; Zhu & Lo 2000), There is therefore no
dirth of complex intrinsic collicular cireuitry — only begin-
ning to be systematically charted — for collicular decision-
making based upon iis diverse sources of allorence.

The collicular role in target selection is accordingly
likely to be causal (Carello & Krauzlis 2004, McPeek &
Keller 2004; see also Findlay & Walker 1999; Yarrow
ot al. 2004; and scet. 4.2 of the target article). ‘Lhis
would pklce the collicnlus at the functional ton rather
than battom of control precessos in its domain. The selee-
tion ol a target for behavior is the brain’s final outpul in
that regard. Tt is the pivotal event lor which all other
pxutesses are but u preparation, sunming them up in
the actual decision to settle on one target for action
rather than another (Allport 1987; Brooks 1994; Dean &

o

Redgrave 1984; lsa & Kobayashi 2004; McFarland
& Sibly 1975: Tyrrell 1993: sce Fecteau & Munoz 2006

for collicular pnml(\' mapping” in refation Lo action),
The functional prediction from the loss of such « strue-
ture is not the absence ol i quisition, but its impov-
erishment. Not only 1 redundantly crganized in
this regard (Lombcr ct al. 2001; Schall 1997 Schitler ot al.
1979, Tchovnik ot al. 1994), 1"1]t the loss of a superordinate
funciion in a lavered coniral architectire does not disable
the systexn as a whole (Brooks 1586, 1980; Prescott et al.
1999, just as a well organized army need not cease func-
tioning on the loss of its commander, A mucaque with
cxperimental collicular lesions is not incapable of moving
its eves onto targels, bul exhibits a reduced variely of
ave ‘and orienting movemenis and s indistractiblo, a
common finding in other species as well (Albano &
Wurtz 1978; Casagrande & Diamond 1974 Denuy-
Brown 1962 Goodale & Murison 1975; Merker 1980;
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Mort et al. 1980; Schiller et al. 1979; Schiller & Lee
1994; Schncider 1967). This may reflect a compromised
scope and s.‘o;i}fzistinl/ﬁu.': of target selection, and the role
of the intact colliculus would accordingly instantate the
Penfield and Jasper conception of a highest inlegrative

function which, while anatomically subcortical, is func-

tionally supra-cortical,

4, Integration for action

As noted in section 3, in drawing the contrast between
“higher” in L\)Unltl\c' terms and “higher” in control
terms, competition for control over bumﬂur ends ouly at
the stage of the “final common path” of motoncurones.
It is along that approach, among upper brainstem mechan-
isms of “integration for action,” that we shall identify a pro-
totype organization for conscious function, The issue takes
us 1o the very arigin of the verlebraie brain plan, which is
not ouly U:'T!ll:l w)d but centralized. Not all aniruals
on centralized noural organization to control hehavior,
oven when possessed of a brain. A number of invertebrate
forms, inc‘,lr(dinn insects, concenlrale considerable neural
resources to segmental ganglia, Their brain is in a sense
no mare than the "m{enm -most o ihese ganglia, in
receipt of the output of the specialized receptors of the
head, It does not necessarily exercise 4 commaud function
in the scnse of contral control of behavior (sce Altman &
Kicn [983).

The decentralized neural control of an insect such as the
ant allows its body to survive withoud its hrain. Moreover,
if given adequate somatic stimulation in this condition, it
will perform many of the complex behaviors in its reper-
toivc with apparent competence, though naturally
withoul relation {0 the distal covironment (Snodgrass
1935). A verlebrate, on the other hand. does nol survive
for more than seconds after the loss of its brain, because
in vertebrates even vital functions are under central
brain control. The difference with respoct to insects is
uuderscored lw the cuntrasting disp()sitia)n of motor
In insocts, they are concentrated to :crrmonhl
ganglia bl are rare in the bhrain \‘modcmew 1935
whereas in vertebrates they populate the brain in sels nf
distincti\fe]}' organized motor nuclei, Motor control in ver-
tebrates has “moved up,” as it were, to that end of the
newraxis which leads it locomotion aud is in receipt of
the output of the chief exteroceptors (of. Grillner et al.
19970,

The basic organizational fealures of the verlebrate brain
are highly conserved across tax despite unequal :le»mup—
ment of vne or auother of its senses or subdi
(Nieuwenluis et al. 1998). All vertebrates, that is, have
“in outline™ the same brain plan, assembled from primitiv
beginnings in chordate ancestry (Biudler & Hodos 199
Hn‘lgnd c Holland 1999; Northeuwtt 1996h). The promi-
nent role of large, image-forming eyes and their central
conuections in this de\fe]upnmut came to exert a pr()fmmd
effect on the manner in which the vertebrate brain plan
was centralized, with implications for our understanding
of the way in which “higher™ in cognitive lerms relates lo
“higher”™ in control terms, That dovelopment involves the
integrative machinery straddling the so-called synence-
ph;ﬂun. or junction between midbrain and diencepha—
lon — to which we now turn.

DCUTONS,
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4.1. The synencephalic bottleneck and how the
vertebrate brain came to be centralized around it

There was a time in prevertebrate ancestry when the mid-
brain and diencephalon alone, or rather the first rostral
differentiations of the neural tube that can be homologized
with the vertebrate midbrain and diencephalon, consti-
tuted the functionally highest and also anatomically most
rostral subdivision of the neuraxis (Holland & Holland
1999, 2001; Holland et al. 1994; Lacalli 1996, 2001;
Wicht 1996). It housed the newral cireuitry connecting a
primitive, unpaired “frontal eve” and  other rostral
sensory cqllld)uwnl (Lacalli 1996) with premotor cells in
cephalochordate filter feeders i,re-presenled tnda\’ by
Amphiozus, the lancelet). As far a known, cephalo-
chordate filter feeders lacked a sense of smell, and they
were without a telencephalon altogether (Butler 2000,
Holland et al. 1994).

Though our brain nomenclature historieally groups the
diunl.'cp%:dun together with the telencephalon to make up
the forebrain, there is nothing fundamental about such a
grouping, as the just mentioned phylogenetic cirey
stances show, Rather, for what follows it will be convenient
to retain the primitive grouping ul' midbrain and dience-
phalon together under the label mesodiencephalon or
“optic brain.” In all vertebrates these two segments of
the neuraxis, Id(!ng with the transitional SVNENCe, |)||.A|n1'l
(pretectum) \vn:dgul between them, house the primary
terminations of the optic tract (cf. Butler 2000). The
latter covers their external surfaces in the form ol a
ribbon of fibers running obliquely from the optic chiasm
beneath the hypothalamus across the diencephalon and
mesencephalon up to the latter's roof (“tectum”), Along
the way it innervates structures as different as the hypo-
thal ventral thal dorsal thal pretectium,
aceessory optic nuclei, and superior colliculus (tectum).
The same territory also houses some of the major integra-
tive structures qj" broad functional scope common to all
vertebrates (see Fig, 3).

The prir |]Ja] p(:l(a of this integrative mw.huwrv are the
141
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Figure 3. Schematic saggittal diagram depicting contical con-
vergence (in part via the basal ganglia) onto key structures in
the region of the “synencephalic bottleneck” (marked by thick
ar"rlm\z in the main figure andr [ % bar in the inset).

tic area mr]u(lp( M. mamn lhn bodies; MP, HIPWI;“"W
state control muclei™ (locus coeruleus, pe r|um1:|npnntnw and
laterndarsal tegmental nuclei, and dorsal nph(} MR, midbrain
reticular formation; N, substanta nigra; P, p(.nsqu(‘(lur.t.ﬂ gray
matter; PE, pretectum; R, red nucleus; $ (" superior calliculus;
V, ventral tegmental area; Z, zona incerta. The dual axon seen
issuing from some of the pyra cells of cortical laver 5 is
an illustrative convenience only. Shaded region marks the
surfuce: course of the optic tract.

solutions to an intricate set of sensorimotor pmhlems.
The c'l)nfouu(iinfg of sensory information by the sensory
consequences of movement (“re-afference”; von Holst &
Mittelstaedt 1950) is particularly problematic for image-
forming eves, requiring their stabilization with respect to
the world during movement, This is done by vestibular
counter-rotation punctuated by quick resets of the eyes,
which concentrates  blurring-time to the briel reset
episodes. Thus, vision alone among all the senses features
independent \’;mfmlf mobility of the receptor array itself,
'md a_ full-fledged ocolomotor system evolved in the

hypothalamus forming the Hoor of the diencey on
the one hand, and the superior colliculus I'nrmmg the
roof of the midbrain, on the other. The former is ri-
cate nuclear aggregate critical for the mutual regulation
and integration of a vertebrate’s entire repertoire of
goal-directed, motivated behavior covering exploratory,
foraging, ingestive, defensive, aggressive, sexual, social,
and parental modes of behavior (Swanson 2000), to
name the principal ones. The other pole, collienlus/
tectum, serves the intermodal integration of the spatial
senses by which vertebrates relate to their mrmumhm—;&
via coordinated orienting movements of eves, head, and
body, as already summarized in section 3.2. Between
+ two is wedged additional integrative machinery in
: form of the midbrain reticular formation, ventral thala-
mus, the periagueductal gray, the ventral tegmental /sub-
stantia nigra pivot of the striatal system, as well as
“locomotor " and basic mecl serving naviga-
tion, | will return to some of these in subsequent sections.

This concentration of conserved integrative machinery
to the mesodiencephalon, I suggest, reflects the costs
and benefits of evolving image-forming eves in the ances-
tors of vertebrates (ef. Northeutt 1996a). Full use of the
potential powers of visual guidance meant  evolving

diate ancestors of true vertebrates (Braun 1996,

- 272; Fritsch et al. 1990; Wicht 1996, p. 253). The reflex
ircui i lomotor nucled, ¢
tered on the medial longitudinal fasciculus, is also among
the most conservative and basic features of the brainstem
in all vertebrates (Carpenter 1991; Windle & Baster 1936).
in their orbits, there is no longer
1 between retinal location and -:p:zli.ti irection
relative to body or head, nor to the localizing himetion of any
sensory mn(lnflt\' which (in whole or in part] bears a fixed
relation to the head. Hene » need for intermodal inte-
Fnlmn for which the sensory integrating mechanism of col-
iculus/tectum — present in the roof of the midbrain of even
jawless vertebrates —

provides the basic, carly and con-
served solution (Iwahori et al. 1999, Zompa & Dubue
1996). But once these basic problems of vision were
solved, a bonus was within reach: Mobile eves present a
highly efli it means for {umplmk s the !,‘nnmmnl,,llt 0-
vided their control can be linked to mativational me(‘lll'm-
isms ensuring their appropriate deplovment in accordance
with shifting needs.

It appe: 1 other words, that as the vertebrate b
plan took shape in prevertebrat sty under pressure
of the evolution of mobile, image-forming eves, a central
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association between optic control circuitry and major
neural mechanism for the integration of bebavior/action
were forged in segments of the neuraxis covered and
innervated by the optic tract (cf. Fig. 3). At the time
when {his oplic orienting machinery and associaled
integrative mechanisms evolved, the lorebrain was still
dominated by olfaction (Braun 1896; Northentt & Wicht
1697; Wicht & Northeutt 1992). The sense of smell
added no fundamentally new control requirements
comparable to these of vision, and olfaction accordingly
could be integrated with the mesodiencephalic centrol
syslem by au(hll\' dirceted  fiber projections. These
snnpl\ hapneu to wrrive at the “optic bum froim an anterior
nsory afferents reach it from a
candal direction (somatosensory, octavolateral, ie,, vestibu-
lar/auditory/lateral line/clectrosensory, cte.), or dircetly
“irom the side” through the optic tract {cf. Butler 2000).
[ndeed, however much the telencephalon subsequently
expanded, even Lo the point of burving the mesadiencepha-
lon wnder a mushrooming mamualian nevcortes, no other
arrangement was ever needed, and that for the most funda-
mental of reasons. No cfferent nerve has its motor nucleus
sitiated above the level of the midbrain. This means that
the very narrow cross-section of the brainstem at the june-
tion between midbrain and diencephalon {synencephalon,
marked by arrows in the main part of Fig, 3 and by a black
bar in the inset) carries the total extent of information by
which the forcbrain is ever able to gencrate, control, or
influence behavior of any kind. 1, therelore, integration
is for action, as proposcd here for the mesodiencephalic
control system, information-theory poses no obstacle to
having an expansive neocortex make its contribution in
this regard by convergent projections onto the highly con-
scrved and pre-cxisting machinery of the midbrain and
basal diencephalon, which therelore could retain its old

integratve functions (sce Fig, 3). Indeed, a bottlencck of

this kind is exactly what is needed in order to convert the

massively )ua]lel and distributed information capacity of

the corcbral hemispheres into a limited-capacity, sequen-
tal moide of operation featred in action selection for
coherent hehavior {Allport 1987, Baars [993; Cabanac
1696; Cowan 2001; Mandler 1975; 2002, Ch. 2; McFarand
& Sibly 1975; Tyrrell 1993

That is, one need not know anything more about the
vertebrate bruin than the fact that its most rostral moto-
neurons are located below the synencephalic bottleneck,
to know that the total informational content of the fore-
brain must undergo massive reduction in the course of
its real-time translation into behavior. Tn the seiting of
such obligatory “data reduction” in a strefch of the newr-
axis hosting major systems Tor the global regulation of
behavior, 4 so far mueu‘vni.:ed optimizing principle Les
hidden in the mutual dgpcndcnw that links the motiva-
tional, the sensory, and the action sclection requircments
of lh(‘ hrain's control tasks. They form a “sclection tri-
angle,” the principle of which is introduced here for the
first time. The ellicient newral implementation of this prin-
ciple may harbor the secret of conscious functiou itself,

4.2. The “selection triangle”: A prop
conscious function

key to

Elementary necessilies of animal existence such as lood,
shelter, or mates are not typically found in the same
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place at uny given time, and they each require different
and often incompatible behaviors. An animal’s activitics
accordingly unfold under constraint of wmltiple goals or
motives derived from the evolved and acouired needs it
must fill through the sequence of ils diverse actions over
time A_’Pmelen(*c 1976; Tinbergen 1951). The lasks sei by
these goals compete foran dmnml s behavioral resources,
and bec(u\e the actions LV which they are ix upl:‘mentf-‘d
are abw: ays confined to the preseut u\’hele thu’ typica xﬂv
are cxceuted one at a time), their scheduling (action sclee-
tion) fealires perpelial ha(l«’ offs in the time and effort
that is alloraicd 1o them {(MeFarland & Sibly [875). The
ethological insight, that ammdl belavior rests upon a foun-
dation of diverse gual functivns that sometimes entail
incompatible tasks or behaviors requiring sequencing/
sclection, entered the so-called behavior-based approach
to robotics under the name “action selection” (Blumberg
1994; Brooks 1986, McFarland & Houston, [1981; Macs
19(—)(), Prescoli el al. 1999; Tyrell 1993; see also Meyer &
Wilson 1991}

The needs reflected in the time budget of an animal’s
task allocations are, however, enly onc side of the cquation
of eflicient decision-making. The fulliliment of needs is
contingent an available opportunities. These are seattored
in the world as ever-shifling targets of approach and avoid-
ance among lively and often unpredictable contingencies
within which they must be detected, located, and ident-
ificd, often among multiple competing alternatives, all in
real time. tolerposed hetween the needs and their fudfifl-
ment through action on the world is the body with its
appendages and other resources lor gelling about in the
world and manipulating its objects. In congrete terms au
action is a time series of bodily locations and confor-
mations. These are what conncet needs with opportu-
nities, In so doing they themselves become a factor in
singling oul a given opporlunily (target) for action
(largel selection}. This is so because determining which
one of several available potential targets is the best
current choice for action will often dq}cnd not on
current needs alone, but rlddltl(ﬂl.ll“\, on the dlsp')s Hon
af the body relative to those targets (in torms of its
pﬂs{nre and Jm:;iti(m, movemeni !mje(‘mry, energy
reserves, etc.; of. Kirding & Wolpert 2006)

In principle, each of the decision domains just invo-
ked — action selection, target selection, und motivatioual
mnl:m" —may be defined i its own teris, without
mﬂmd ta the others. They may cven make their contri-
butions to bohavior independently of onc another
(Altman & Kien 1989; Brocks 1986). Bul irom the
inberent fiunctional relationship just sketched, that is, the
fact that in terms ol optimal performance farget selection
is not dndependent of action selection, and neither of
these is independent of motivational state (reflecting chan-
ging nceds), it follows that savings arc achicvable by
exploiting that triangular (h‘p(‘nd(‘n 1L is nat pmqlblr‘
to reup the benefits of those savings short of finding
some way of interfacing the three state spaces — each mul-
tidimensional in its own right — within some common
coordinate space {decision framework) allowing their sep-
arale momenlary states to inleract with and constrain one
another. This extends to such a triparlite inleraction the
principle already derived for the eflicient management of
tional trade-offs, namely, the unwelﬁbility of differ-
ent motives through a motivational “conmon currency”




154

and their convergence among themselves at some point in
the system (MeFarland & Sibly 1973; sce also Cabanac
1992, and further in the present wrticle).

The principle of a centralized brain system dedicated to
this decision domain [ollows from this, though not the par-
ticulars of the three-way interface that must form its center-
piece, Evolving such an interface is far from a trivial
probleny, all the more so since its decisions must be made
in real tirne. The brain, of vourse, has no direct access to

cither the target states of the world or the action states of

the body that must be compared and matched in the light
of motivational priorities. Il is saddled with an invorse
problex: on both sensory and motor sides of its operations
(Gallistel 1998; Kawato et al. 1993). The indirect reflections
of relevant parameters to which it does have access, cometo
it, morcover, in diverse data formats. The differences
between the spatial senses among themselves in Lhis
regard are wild compared 1o those hetween any onc ol
these senses and the various museidoskeletal articulations
and L'mnﬁgm‘ati()us tl serve to control. How then might
the former be compared with the latter? Add to this the
alrcady mentioned circumstance that every movemont
confounds the sensory information needed 1o guide beha-
vior, and that the necds lo be taken into account. differ
nol only in urgency, but in kind, and the size of the
design problem begins to emerge in outline

To exploit the savings hidden in the functional interde-
pendence botween target scleetion, action sclection. and
mativation, this confounded complexity must be radically
recast, to allow the three domains to interact directly
real time for the determination of “what 1o do next.” Tt is
the principal claim of the present target article that the
vertebrate brain incorporates a solution to this decision
problem, that it takes the gencral form of a neural
analog realily simulation of the problem space of the tri-
partite interaction, and that the way this simulation is
stroctured constitules a conscious mode of function. Tt
equips its bearers with veridical experience of an external
world and their own tangible body mancuvering within it
under the influence of feelings reflecting moment:
necds, that is, what we normally call veality® o this end
it features an analog (spatial) mobile “body™ (aclion
domain) embedded within a movement-stabilized analog
(spatial) “world” (target domain) via a shared spatial coor-
dinate system, subject to bias from motivational variables,
and sup})l_\,'ing a premotor output for the control of the full
specics-speeific orienting reflex. The cvucial separation
of body and world on which this arrangement hinges
has recently been worked out in formal lerms by David
Philipona and colleagues (Philipona et al. 2003; 2004),

We have already seen in sections 3.2 and 4.1 that the
roof of the midbrain of vertebrates houses a sophisticated
laminar superposition of the spatial scnses in a premotor
framework for orienting. It appears to contain the cssential
signals for bringing these senses inlo rogistry (Groh &
Spurks 1998 & Sparks 1987; Krauzlis 2001; Populin
& Yin 19¢ an Opstal el al. 1995; Zella oL al. 7()()” md
for stabilizing the world relative to the 5
ation is AI\CI\ to utilize not only vestibular 1nf01matxon
(Bisti ct al. 1972; Horowitz ot al. 9003), but corchellar
“deeorrelation” as well (Dean ol al of.
Guillaume & Pélisson 2007; Tlirai et al. 19
1990; Niemi-Junkola & Westhy 2000)
spatial maps in the roof of the midbrain would, in other

e
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words, represent the vertebrate brain’s first bid for au
analog simulation of a distal “world” (Scheibel & Scheihel
1977). We also saw that the other pule of the “optic brain,”
the hypothalamus, houses the basic circuitry for regnlating
and infegraling motivalional states relaled to goal-directed
behaviors. Tts oudput is brought to bear on the intermedi-
ate and deep layers of the superior colliculus not only by
direct projections (Beitz 1952; Rieck et al. 1886). but
indirectly, vig massive and Ul‘g:lnized projections from
hypothalamic nuclei to different sectors of the peri
aqueductal gray substance (Golo el al. 2003, see rels. 36,
37, 39, 222, & 256 in Swanson 2000).

The periaqueductal gray is a midbrain terxitory inti-
umtt]\;lelated o the deepe ollicular layers. It surrounds
the cerebral agueduct, and plays a critical ole in the
cxprossion of a varicty of cmotion-related behaviors such
as deflensive, aggressive, sexual, vocal, and pain-related
oncs (Adams (9 Behbehani 1993; Fermandez de
Molina & TIunsperger 1962, Tlolslege el al. 1996;
Jurgens 1994; Kittelberger et al. 2006; Loustein et al
1998; Mouton 1999; Panksepp 1982; 1998a; Watt 2000).
Its longitudinal columns arc functionally organized in
terms of high-level tasks, goals, stralegies, or contexis,
such as “incscapable versus cseapable pain”™ (Keay &
Bandler 2002). 1L achieves particular prominence in
wammals, and sthmulating it electrically in conscious
humans evokes powerful emotional reactions (ITeath
1975; lacono & Nashold [982; Nashold ctal. [969). Fune-
tionally the periaqueductal gray is continuous and recipro-
cally intorconnocted with the immediately overlying deep

Tayers of the superior colliculus alil({enmu({ et al. 2003;
Cadusseau & Roger 1985; Gordon et al. 2002; Grofova
ot al. 1978; Harting ct al. 1992, Fig. 27 Spraguc ct al.

1961; “’1})ug 1992). Here, then, in the intermediate and
deep collicular conncetions with h\pnilnjamuq and pori-
aqueductal gray, lies a conneclive inlerface between the
brain’s  bhasic mnhvdmmd systems and the orienting
mwachinery of the collicular analog “world.”

"The third membeor of the scleetion triangle cnters this
systein ﬂmmﬂh the pl()mment projections from the sub-
stania nigra to the intermediate collicnlar layers (Jiang
el al. 2003; Mana & Chexalier 2001; see also secis. 3.1 &
Here the final distillate of basal ganglia action-
related information is interdigitated with the lath(,ew')rl\
of histochersically defined compartements that organize
the input-vutput relations of the intermediate collionlus
(Graybicl 1978; Harting ot al. 1997; Illing 1992; llling &

Graybicl 1986). 1t appears, in other wi oxd‘; that the terri-
tory e‘deﬂdm; {rom the dorsal siirface of the midbrain to
the uquednct houses the counectivity needed to
implement a three-way interface of the kind cutlined in
the foregoing discussion, and it is hereby proposed to do
s0. Ihe clements of this scheme ave sketehed in Figure 4.

Such a conecption fits scamlossly with the pmpo@cd role
ol the superior colliculus in lum(‘{ lection outlined in
3.2, As noted there, the ;clection of a traget for
action is the final event in the brain's real-time decision-
waking regarding “what to do uext.” The significance of
gaze control, morcover, gocs far bevond the matter of
moving eves-and-head in space. The gaze plays an organiz-
ing role in a wide range of behaviors by “leading™ many
{orms of aclion, as has been shown in exquisite delail for
manual reaching and wanipulation (Johausson et al. 2001;
see also Cowrjou et ul, 2004; Jackson et al. 2005; Schneider &

3.
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Figure 4. The three principal domains of “world” (target selec-
tion), “body” (action selection), and “motivation” (needs) that
must interact to (‘PU ] !‘mﬂ("l Processes in ".'1! time, por-
trayed in their pr 1 “primary” ntation in the ool
of the midbrain. 'ﬁn' exter of its lnglr into the forehrain,
andl the cerebral cortex of nals in particular, can be con-
ceived in terms of this primary system “writ large,” as follows
(ef. Fig. 6 in particular): A dorsolateral to ventromedial path
from the surface of the colliculus to the midbrain aqueduct cor-
responds to a posterior 1o frontal to medial path in the cortex. In
the reverse (]ir“.'liuu, and in functional terms, it reads “motiv-
ation,” “action,” and “world.” §, 1, and D: superficial, intermedi-
ate, and deep lavers of the .mp("nnrﬂilfwu]m respec iy Iy, PAG:
the periaqueductal gray matter surrounding the midbrain cer-
ebral aquaduct. Bidirectional armow aligned with the collicular
lamina stand for compensatory coordinate transformations.
Drawing based in part on Harting ot al. (1997).

Deubel 2002; Stuphorn et al. 2000; Werner et al, 1997).
Nor is the output of the tecto- pq.nxuincdutlal system
limited to the species-specific orienting re includes
escape hehavior (Dean et al. 19589; Merker 19580; Sprague
etal, 1961) as well as a number of innate postural schema-
tisms associated with behaviors under perdaqueductal
control (Holstege et al. 1986; Lonstein et al. 1998),

In its primitive beginnings, the “world” of the proposed
newral reality simulator presumably amounted to no more
than a two-dimensional sereen-like map of spatial diree-
tions on which potential targets might appear as mere
loci of motion in an otherwise featureless noise field,
defined more by their displacement than by any object
features (see Stoerig & Barth 2001, for a plausible
simulation), Advances on this primitive arrangement
apparently proceeded by adding to it more sophisticated
information from a rostral direction. Thus, the ability of
a frog to side-step stationary barriers during prev-catehing
is dependent upon input to the tectum from the region of
the candal tha]lamus and pretectum, just anterior to the
tectum (Ewerl 196G8; lngl’(- 1973). With the elaboration
of the telencephalon, eulminating in the neocortex of
mammals, the arrangement was expanded further (see
Section 4.5), into a fully articulated, panoramic three-
dimensional world composed of shaped solid objects: the
world of our familiar phenomenal experience,

=

4.3. Inhabiting a neural simulation

Whether primitive or advanced, the fundamental simpli-
fving device of the proposed simulation space is to

72 BEHAVIDRAL AND BRAIN SCIENCES (2007) 30,1

associate the origin of its shared body-world coordinate
system for orienting with the head representation of its
analog body. This does not mean that the coordinate
system itself is head centered (ie., moves with the
head). At brainstem levels it appears, rather, to be
oculocentric  (Klhier et al. 2001; Moschovakis  1996;
Moschovakis & Highstein 1994). It means only that the
coordinate svstem origin is lodged in the head represen-
tation of the lated analog visual body, say in close
prosimity to its analog eve region. With such a location,
a number of sensory-sensory mismatches and the eon-
tamination of sensory information by movement caused
by the largely rotary displacements of eves and head
involved in perpetual orienting movements can be reme-
died - to a first approximation — by spherical coordinate
Lrar 'I[?:H of control helps explain
the fact that at the brainstem level not only eve move-
ments, but also head movements, t]espltc their very
different musculo-skeletal demands, utilize a comman
intermediate  control  system organ in separate
horizontal and vertical, that is, spherical, (mrr inales
(Grobstein  1989; M 1992; M & Grobstei

1989; Masino & Knudsen 1990; see also Isa & Sasaki
2002). In humans, covert orienting of attention, as well
as the visuomotor map for reaching (Gawryszewski
et al. 2005; Vetter et_al. 1999), appear to be framed in
spherical coordinates,” perhaps l?ﬁl:{‘(]ll“ collicular invol-
vement in both functions (Miiller et aJ. 2004: Werner
et al. 1997).

There is reason to believe that the implicit “ego-center”
origin of this coordinate space is the position we ourselves
accupy when we are conscious, and that the analog body
and analog world of that space is what we experience as
and call our tangible, conerete body and the external
world (ef. Mote 2). This would explain the irreducible
asymmetry adhering to the relation between perceiving
subject and apprehended objects defining the conscious
state, The ego-center places the conscious subject in an
inherently “perspeetival,” viewpoint-hased, relation to the
contents of sensory con sness. [ is from there that
ui)liucls are apprehended; objects do not apprehend the
subject (cef. Merker 1997). By the same token, the one
necessary constituent of consciousness that can never he
an object of consciousness is that very vantage point
itsell, namely, the origin of the coordinate system of the
simulation space. It cannot be an object of consciousness
any more than an eve ean see itsell (Schopenhauer 1819,
vol. 2, p. 491; see Baars 1988, pp. 327 for this and other
“contextual” aspects of consciousness),

Should these reasons appear somewhat abstract and
rarefied, there is a far more concrete indication to the
same effect. Our ve ry body bears a tell-tale sign allowing

s to recognize it as the produet of a nearal simulation,

sion differs topologically from somesthesis and audition
by its limited angular subtense, particularly in animals
with imnln]i_s directed CVes, The other two senses can be
mapped in foto onto a spherical coordin ystem for
oric'ntinb whereas vision is only partially mapped in this

This is not in itsell a pr oblem, but becomes one
gm‘n that vision can be directed, not only to the external
world, but to the bady itsell, This nec es some kind
of junction or transition between the distal visual world
and the proximal visual body, and there a problem does
arise,
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Though, as we have seen, the ego-center is present in
consciousness by implication only, its location can be
determined vnlpin’u;jl_\' (Cox 1999; Hering 1879/1942;
Howard & Templeton 1966; Neelon et al. 2004; Roelofs
1959). It is single, and located behind the bridge of the
nose inside our head, From there we appear to confront
the visible world directly through an empty and si
ove iupl an aperture in the front of our head (Hering
1879/ 1942, Julesz 1971). Yet that is obviously a mere
appearance, il we were literally and  actually
located inside our heads we ought to see, not the world,
hut !in‘ a ide the front of our skulls
n '\lIN_']'l‘lllL' is a (_'l]ll\'l_‘llil‘llt
eural [l hnn lh:uugh which the distal visual world is
“inserted” through a sing part of the proximal visual
hody, which is “without head” as it were or, more pre-
@ its upper face region (see Harding 1961),
Smm sthesis by contrast maintains unbroken continuity
across this region. The empty opening through which we
gaze out at the world betrays the simulated nature of the
hn(t_\' nd world that are given lo us in consciousness,
The essentials of the arrangement are depicted in highly
schematic form in Figure 5.

Highly sche r(mlw depiction of the nested relation
between ego-e 1 body, ! world constitutiy
| proposed as i
ution to the tri- p.n!ll:- selection problem described in the text.
Black depicts the physical universe, one part of which is the phys-
ical body (black oval), bath of which necessarily ontside of
consciousness. One part of the physical bady is the ph\ al
brain (circle; shaded and unshaded). It contains the “reality
space” of consciousm (unshaded), separated from other
nonconscions (shaded) functional domains by a heavy blac
line, signifying their esclusion from conscionsness. Armows
mark interfaces ac which neural inform: v pass
without entering cons . The designation ego-ce
sensorimotor - constrict ated 1o the concept of sel
conseinusness. See text for further details,

ion m
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The simulated nature of owr body and world is further
supported by a number of phenomena that alert us to
the synthetic nature of what we typically take to be phys-
ical reality itsell, that is, phenomena such as inattention
blindness, change blindn md allied effects (O0'Reag;
et al. 2000; Rensink 2002; Rensink et al. 1997; Simons
Chabris 1999). Such “deletions from cons: can
be countered by appropriately placed mi mulation
of the superior colliculus (Cavanangh & Wurlz 2004; see
also Miiller et al. 2005). These various indications all
support the conclusion that what we confront in sensory
consciousness is indeed a simulated (synthetic) world
and body

As central residents of that simulation, we are subject
to ever shifting moods, feelings, urges, emotions, and
impulses. These, then, would be those aspects of the
birai motivational dynamics that reach consciousness
(ef. Cabanac 1992; Panksepp 1982; 1998a). The reason
they do so, according to the present proposal, is their rel
evance to the trip ¢ determination of what to do next,
as outlined in the foregoing dis striking illus-
tration of t prmupk afforded by respiratory
control (Merker 2003). It is automatic and unconsci
as long as partial pressures of blood
normal bounds, vet intrudes most forcefully on conscious-
ness in the Ir;rnl of an acute sense of panic when they go
out of bounds. Extreme blood gas values are an indi tion
that urgent action on the environment — such as remov-
ing an airway obstruction or getting out of a carbon
dioxide filled pit — may be imperative. That is what sud-
denly makes action selection and target selection relevant
o which  accordingly

in the form of a powerful feeling of

('mlll'n|, “enters

sulfocation.
This example further illustrates the lack of any necess-
arv connection between un_‘mll\r sophi ication and
the reason for something to enter
quite elementary functions m Y ]u-
ciency  provides - by the {ris ang
maolivation inte

'1|H||-l:u‘§_{('l-
It serves optin

decision-making in real time, on the broad front of its
tripartite information base, concisely packaged in its
multivariate simulation space. Such a utility is particularly
valuable wl 4 moment's make a big
differer mcome, in I]u.- suffocation example
(hut als , agonistic encounters), x;lulc apart from
s ta do with advanced cognition. The evolution
of such a utility could accordingly proceed independently
of cogitive Ldlm{ll\' to crown the n]ah(' birain with its
tectal machinery at the very outset of the vertebrate

ace of consciousness.

In !!. peculiar nesting of a body inside a world, around
an ego-center in a shared coordinate space subject to moti-
vational bias, this interface possesses the essential attri-
butes of phenomenal consciousness. As implemented in
the midbrain and diencephalon, the arrangement is pro-
posed to have served as the innate scaffolding supporting
all further elaboration of conscious contents in phylogeny.
ntered on the colliculus ¢ 10:11]i1|;{ into ])vrl:lllln'illli'lnl
it will be further defined in section 4.5, A felicitous
term for the finctional state supported by the basic (meso-
diel nwplml]( ) arrangement would accordingly be “p ry
l”l][l"’\[ill 1878; Pelty 1995; Trevarthen &

Reddy ‘7{)(16 )
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4.4. Coherent, motivated behavior under sensory
guidance in the absence of the cerebral coriex

The supercrdinate functional position attributed to meso-
diancephulic mechanisms in previous sections of this
article is supported by a number of empirical lindings
that reecive a unified interprotation in this light. When
the behavioral efiects ol focal brain stimudation are system-
aticully surveved by means of depth electrodes, it is
common to find that the most coherent, integrated, and
natural-looking  (whole, or “molar”) behavioral reac-
tions — be they orienting, cxploration, or a varicty of app
titive, consummatory, and defensive behaviors — arc
evoked hy vlmmhimn of diencephalic and midbrain
sites, whereas stimulation at more rostral or caudal levels
tends {0 evoke mere fragmentary or incomplele behaviors
(Adams 1979; Bandler & Keay 1596, Bard 1928; Brandau
ct al. 1999; Carrive ct al. 1989; Fernandez de Molina &
Hunsperger 1962; Hess 1654, Hess & Brugger 1543;
Holstege & (emgmdls 2004; Hunsperger [956; (963

IImsperger & Bucher 1967; Kaada 1951; Orlm sla
& Shik 1976; Schasfer & Schneider 1968 Schuller &
Rudtke-Schuller 1990).

All of the behaviors just mentioned have also been
cxhibited by cxperimental animals after their cerebral
coriex has been removed surgically, cither in adulthood
or neonatally. Best studied in this regard are rodents
{Whishaw 19590; Wonds 1964). Alter recovery, decorlicale
rats show no gross abnonmalities in bebavior that would
allow a casual observer to identify them as impaired in
an ordinary captive housing situation, although an cxperi-
enced chserver woidd he able Lo do so on the basis of cues
in posture, movement, and appearance (Whishaw 1950,
what follows relies on Whishaw’s study, supplemented
by addiional sources as indicated Thex stand, rear,
climb, hang flom bars, and slecp with normal postures
(V: anderwolf et al. 197 78). They groom, play (Panksepp
ot al. [994; Pellis ot al. (992), swim, cat, and defond them-
selves (Vanderwall et al. TO78) in ways that differ in some
details {rom those ol intact animals, hut not in ouwtline.
Either sex is capable of iating successtully when paired
with normal cage mates (Carter ot al. 1982; Whishaw &

Kolb  1985), though some hchavioral components af

normal mating arc missing and some arc abnormally exe-
cuted. Neonatally decorlicaled rals as adulls show the
essentials of maternal behavior, which, though deficient
in some respects, allows them to raise pups to maturity,
Sue, but not aﬂ, spects of skilled movernents survive
deecorlication (Whishaw & Kolb 198%), and decarticale
rats perform as readily as controls on a number of leaming
tests {Oakley 1983). Much of what is observed in rats
{incliding m'mncf and maicrnal ho havior} is also trie of
cats with U)I‘U(dl removal in infancy: they move purpose-
fu]ly, orient themsel to their survoundings by vision
and touch {as do the rodents), and are capable of solving
a visual discrimination task in a T-mazc (Bjursten ct al.
see also Bard & Rioch 1937).

The fact that coherent and well-organized molar beha-
viors are elicited by local stimulation in the mesodience-
phzdiL region of inmtact amimaals and that cob
motivated behavior under environmental guidance
played spontancously by animals lacking a ccrebral
corlex means that the neural mechanisms required to
mativaic, orchostrate, and provide spatial guidance for
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these behaviors are present in the parts of the brain that
remain after decortication. Some aspects of these boha-
viurs are dependent upon basal ganglia and basal forebrain
functions remaining after the loss of their principal (corti-
cal) source of allference (Wishaw 1990, p. 246), whereas
the basic competences of decorticate animals reflect the
capacity of upper brainstem mechanisms to sustain the

global pattering, emotional valence, and spatial guidance
()f the postures and movements of orienting, defense,
‘on, play, and othcr appetitive and consummatory
{ Holstege & Ceorgiadis 2004;

al. 2005, l’ﬂrﬂm(‘pp 19825
wson 2000). The particulars of

Sakuma & Pf(\ﬁ' 19 ~") S
the deptndenu) of thew,
located in the mesodiencephalic region has been repeat-
edly reviewed (Bassctt & Laube ‘7001, Behbchani 1995;
Groenewegen 2003; Haber & Fudge 1997; Horviiz 2000;
Houk 1991; Jurgens [994; Mouton [999; Padel 1993;
Panksepp . Prescoll et al. 19 Swanson 1987;
2000; ten Donkelaar 1988; Watt 2000 Watt & Pincus
2004; Winn 1998; Zahm 2006

it is into the premotor circuitry of these ancient and
highly conserved upper brainstem mechanisms that a
wide range of systems place their bids for “where to
Took” and “what to do.” irrespective of the level of sophis-
tication of any one of these “bidding” systems, Tach of
them has independent access to effectors, und their
apper brainstom interactions arc not infrequently
medialed by collatorals of such projections. The corchral
cortex is one promineni inpul to this syslem through
the direct and indirect fiber projections emphasized in
the foregoing discussion and sketched i Figuwre 3 (sce
also Swanson 2000). This relationship is, however, not a
onc-way affair. In fact, the manner in which the tclence-
phalon is inierfaced and integrated with the mesodience-
phalic control system adds further definition 1o the
central role of upper brainstem mechanisms in conscious
functions.

4.5. Including the forebrain

Three cortieal regions ligure repeatedly and prominently
in studies of cerebral mechanisms relatad (o aliention,
neglect, and consciousness: namely, the posterior parietal
cortex, the prefrontal cortex, and a medial territory cen-
tered on the cingulate gyros (Baars ct al. 2003 Fig. 1;
Blumenfeld & Taylor 2003; Clower et al. 2001; rhetta
1998; Han ot al. 2003; Lynch of al. (994; Mmulu.m 1999,
Posner & Petersen 1990 Raz & Buhle 2006; Rees &
Lavie 2001}, A special connective and functional relation-
ship exdsts between these three cortical territories and the
mesodiencephalie system outlined in the foregoing discus-
sion, It is most e ; L—lp}!l‘()';luht’d by L‘Unbiderhlg their
mutual interface in the nuclei of the dorsal thalamus.
The latter can he divided into lirst-order (largely sensory
relay) and higher-order (“association”) thalamic nuclei
(Sherman & Guillery 2001), and it is with the latter,
higher-order nudei, that the mwesodiencephalic
maintaing an inlimate and complex relationship,
The two major higher-order nuelei of mammals are the
mediodorsal nucleus, whose cortical projections define the
prefrontal cortex, and the pulvinar complex related to a set
of posterior cortical wreas, including extrastriate visual
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arcas such as those of the posterior parietal cortex. Though
proposed to serve as thalamic relays for cortico-cortical
interactions (Sherman & Cuillery 2001), these nuclei are
not devoid of extra-telencephalic input, and both receive
prominent input from the superior colliculus (Benevento
& Fallon 1975 Harting et al, 1950, Lyon et al. 2005),
Afferents to the pulvinar originate largely from the super-
licial collieular lavers, whereas those d‘:'%tumd for the med-
iodorsal nueclens are predominantly of intermediate laver
origin. The latter projection targets a zone at the lateral
edge of the mediodorsal nueleus related to the frontal
eve fields (see Sommer & Wurtz 2004), the cortical terri-
tory most directly implicated in unilateral neglect of
frontal origin (see Mesulam 1999, and references therein),

The cingulate gyrus, finally, is related to the mesodien-
cephalic system by its projections to the intermediate and
deep layers of the colliculus (Harting et al, 1992; Sherman

. 1879), the periagueductal gray matter (An et al, 1998;
Flovd et al. 2000), anc{ by a conspicuously heavy projection
to the zona incerta (Mitrofanis & Mikuletic 1999, Figs. 6
and T), This latter structure is a mammalian derivative of
the ventral thalamus of comparative terminology men-
tioned in section 4.1, and has emerged from rhlsenril}'
only recently (see review by Mitrofanis 2005). It sends a
topographically organized inhibitory projection to the
superior colliculus, and reaches up into the thalamus
above it to selectively innervate its higher-order nuclei
bilaterally, likewise with powerful GABAergic inhibition
(Barthé et al. 2002; Lavallée et al. 2005; Power et al,
1999; Trageser & Keller 2004).

Caollicular input to the higher-order nuclei is excitatory,
whereas their incertal input is inhibitory. This implies
dynamic competition between colliculus and zona incerta
for influence over the two principal thalamic dependencies
of the prefrontal and the posterior parietal cortex. In this
competition the inhibitory incertal element stands under
cingulate cortex influence and is also in a position to
inhibit the colliculus directly and with topographic speci-
ficity (Ficalora & Mize 1989; Kim et al. 1992; Ma 1996;
May et al. 1997). These cireumstances cannot but pro-
I'tnmdl\ affect the functional dynamies of the three cortical
territories with which we are concerned. The principal
pathways relating them to the mesodiencephalic contral
system and the higher-order thalamie nuelei are depicted
ically in Figure 6.

a key node in the relations depicted in
certa is monosynaptically (and often
reciprocally and bilaterally) conneeted with on the order
of 50 separate structures along the entire length of the
neuraxis from spinal cord to olfactory bulb (my own
conservative inventory of the literature, not counting con-
nections with individial cortical arcas separately), Intern-
ally, the zona incerta features profuse mutual connectivity
ina St‘lllll{. 2 of eytoarchitectonic and evtological heterogen-
eity in w hich (,ABAt'rgm cells are prominent (Benqnu
et al. 1991; 1992; Nicolelis et al. 1992; see Power &
Mitrofanis 1999; 2001; and Bartho et al. 2002, p. 1002,
for connective details). A combination of reciprocal exter-
nal connectivity with internal mutual inhibition is the
theoretically optimal solution for implementing global
competitive int on among structures separated by
long distances (for background, see McFarland 1965
Snaith & Holland 1990; Prescott et al. 1999, pp. 27-249),
The zona incerta accordingly may implement such a

C " a

Figure 6. g the interface between
the !‘SOdIPII:'f‘l\]mlI(" system and the Ilhl[I'IIII(NIII!. il complex.
Princi pathways by “which the supetior colliculus and the
zona incerta relate to one another, as well as to the dorsal thala-
mus and the cerebral cortex, are indicated in black heavy lines
Excitatory conmections in a “Y", inhibitory connections in a
“T". Abbreviations: pﬂ]’“.‘.:l]' F: frontal; C: cingulate cortex;
SC: superior ol gona incerta; Pul: pulvinar
complex; MD: med iodorsal lens of the thalamus. The
central sulcus is marked by an asterisk. See text for further detail.

scheme, and is hereby proposed to do so, as schematically
illustrated in Figure 7.

The zona incerta — or the ventral thalamus of non-
mammals — thus supplies t]le integrative machinery of
the optic brain with a o > hub that seems designed
to conduet mutually it als of strength among a
truly diverse set of alferents. They include, but are not
limited to, visual, auditory, somatosensory, vestibular
(Horowitz et al. 2005), cerebellar, striatal, collicular,
maotor, and limbic ones. The outcome of the competi-
tion — a nenral decision — is conveved to the intermediate
and deep layers of the superior colliculus by a topographi-
cally organized inhibitory projection, as already men-
tioned. The collicular return projection to the zona
incerta — like that of many incertal afferents — is non-
topographic, implving greater specificity of incertal influ-
ence over the colliculus than the reverse. At the same
time, incertal inhibitory output ascends into the associ-
8 nuclei of the dorsal thalamus, establishing the zona
i as a connective bridge straddling the mesodience-
phalic and the thalamocortical systems.

Coupled with the scope of its connectivity along the
neuraxis, this nedal position of the zona incerta Imsﬁ ita
potentially strategic role as an arbiter of moment-
to-moment decision-making “in the light of all available
evidence.” As in the case of collicular target selection,
the loss of such a high-level function need not generate
eonspicuous behavioral deficits, and does not appear to
do so in rats with incertal lesions (Thompson &
Bachman 1979). Rather, it would be expected to issue in
suboptimal levels of resource allocation relative to shifting
patterns of multiply interacting opportunities and needs.
Preliminary indications regarding the great diversity and
complexity of newronal response properties in the zona
incerta are worthy of note in this connection (Crutcher
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Figure 7.
depicted bilaterally to ¢ !llphli.“l.(‘ the prom
the principal ince srtal subnuc
ventral, and candal subnucled,

t commissural,

Sehematic diagram illustrating zona ineerta connectivity 1o the
“midlin
shown physically separated for graphical e 3
spectively, and connections among them. Fille d squares indicate that each suby

st of tiu' brain and of its subdivisions to one another,
Jg, nature of incertal connectivity, Ovals represent

Labels R, D, V, and © mark ihe rostral, dorsal,
wleus projects to

T . .
all subnuclei on the apposite side. Open cireles stand for incertal connections with the rest of the brain (typically reciproeal in
nature). Shaded regions stand svmbolically for the fact that funetionally defined subregions of the zona incerta (sensory modalities,

motor, limbic, ete.] often cut across its

within the zona incerta (wiriy
s the filled central eir

is and

eiple (lowe
the pion

ring studies oll‘ fil

et al. 1980; Kendrick et al. 1991; Ma 1996; Mungarndee
el al, 2002; Nicolelis et al. 1992)
the zona incerta lies in immediate anterior con-

v with the prerubral field and rostral interstitial
nuclens of the medial longitudinal fasciculus, that is,
with the rostral-most pole of the intermediate control
system for orienting organized in spherical coordinates,
mentioned in section 4.3, This rostral pole is specialized
for vertical movement, whereas the system’s horizontal
components are found farther (.md-ll‘\, in paramedian
reticular structures extending into the pons. Could it be
that the zona incerta supplies a kind of origin for this coor-
dinate system, a midline-straddling point of unity con-
nected direetly and via the collieulus to the rest of the
coordinate space (Giolli et al. 2001; Kolmac et al. 1995;
Leichnetz et al. 1987)? Incertal omnipause neurons are
at least compatible with such an eventy (Hikosaka &
Wurtz 1983; Ma 1996). Nothing would be more elegant
than to entrust the final arbitration of “what to do next”

to a se ibitory mer-take-all” or other decision
network (Richards et al. 2006) lodged at the origin of the
eoordinate vslem that controls the orie nling movements

which execute that decision ance made. As a primary per-
spectival viewpoint charged with changing motives, it
would pos =ntial attributes of a self (see sect.

: J flerence from cingulate cortex
would fit such a role (ef. Northoff et al. 2006 for medial
eortex and sell), but short of further evidence, the sugges-
tion must remain speculative,
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wlear subdivisions. Inserts on the [efl
nee (external) connections, for which wiring-efliciency is ata premium, connect n entities
! hub (the zona incerta itsell) by 2n (i.e., reciprocal) connecti

mmarize the two connective schemes the

appear

s (expandable to new targets at the low cost of 2). Internal

efficiency not at a premium), by contrast, appears to follow the nin = 1) connective prin-
e of the upper diagram]. The sch
(references in the text), and awaits refinement in the light of further detailed studies.

as a whole idealizes evidenee supplied by

4.5.1. Collicular gamma oscillations and cortical
“binding.”. The superior colliculus is the only place
outside of the cerebral cortex in which fast oscillations in
the gamma range have been shown to ocour and to
behave in a manner paralleling in all significant respeets
that of the cortex (Brecht et al. 1998; 1999; 2001). At the
cortical level such oscillatory activity has been proposed
to serve a “hinding” function for consciousy (in the
sense of integrating nlisparult' elements of unitary con-
scious percepts) on circumstantial grounds (Engel et al.
1999; Engel & Singer 2001; Singer 2001). As we shall
see, one need not, how ascribe a unique role to
gamma oscillations in either binding or consciousness to
recognize that they may have consequences for cortico-
collicular integration nevertheless.

Though sometimes portraved as “the” problem of con-
sciousness, the acuteness of the cortical binding problem
must not be exaggerated. The pyramid architecture of
point-to-point_interareal connectivity within topographi-

cally organized cortical sensory domains ensures that cor-

rl\l‘mlulmg points  on - are al tl:|KM.rl]1]|1ts featuring
different functional content (e.g., contour and color} are
connectively and thus mhcml:lll\' related, even though
the arcas themselves ocoupy separate locations in the cor-
tical sheet (Felleman & VanEssen 1991; of, Fig. 2 and
Note 2 of Merker 2004a).

The laminar superposition of numerous cortical areas in
the eolliculus takes this principle further. Here the joining
of corresponding points on t!iﬂi'r\mlt cortical maps takes
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place by direct laminar superposition of topographic pro-
jections of different cortical arcas within a mnified collicu-
lar t()pogr‘(q“.hy. Tlms, the output of different cortical areas

arc brought within the compass of the dendvitic trees of

single collicidar neurons, which often straddle collicular
laminar houndaries (Albers & Meek 1991; Laemle 1983
Luanger & Lund 1974; Mu et al. 1990). Tight texporal syn-
chrony of neurvnal firing in sepavate cortical loci (through
unlpﬁ:w to gamma oscillations) increases the pmbabﬂit‘\;
that their joint activity will fall within the temporal
window of integration of any neuron — whether cortical
or suhcorlical — lo  which ihr} project convergently
(Abeles 1982 Konig et al. 1996). Synchronous activati
of corresponding loci on separate cortical maps
accordingly assist such activity in crossing collicular
thresholds by summation via the dendritie trees of conver-
gently innervated collicidar cells.

~ Incrossing Lhe collicular threshald — whether assisted
gamma ﬁ\*nchmm or nol — corlical aclivity wouid
Al avcess o the memd.wncf-pha]i(, texn in all of its
numh ations, projections to the cortex included (see
Fig. 6). This, according to the present account, we anid be
a principal step by which such activily enters awareness.
[ s, il follows thal one conscious contend will not he
replaced by another without involvement of the me
phalic system (centered on the superior colliculus) as
outlined here, vven when that change is vnaccompanied
by eye movements. 'This prediction is specific to the
present perspeetive, and accordingly renders it tostable.
"The means for doing so are exemplitied by a rocent fune-
tional imaging study of a visval-auditory illusion in iemans
(Watldns et ul. 2006). That study revealed collicular acti-
vation associated with awareness of the illusion, though
stimnali were identical on trials in which the illusion was
not perecived, and  central fixation was  maintained
throughout, confirming the prediction just made, in this
particular instance.

This, then, would be the identity of the so far tnidenti-
fied threshold featuwed in a recent programmatic proposal
regarding conscious function (Crick & Koch 2003). Its
identification with the threshold for access to the meso-
diencephalic system centered on the colliculus (Figs. 4
& 8) s reinforced by the fact tha layer V pyramidal cells
supply the sole cortical P\O]t’(.tl()!l to the colliculus.
These cells exhibit a number of notable specializations:
they do net give off collaterals to the thalamic reticular
nucleus on passing through it (Jones 2002), their local
intra-cortical conneetivity appears stercotyped (Kozloski
el al, 2001), and their 1[“(";] dendrites branch in corlical
layer T and carry specialized conductance mechanisims
activated hy ‘np down (leedback} connections in the
superficial cortical lavers (Larkum et al. 2004). This may
cnsure that activation of both the feedforward and foed-
back cortical system is typically required for the cortice-
masencephalie threshold to be erossod, such concorrent
activation having been proposed as an essential condition
for cortical information to reach awareness {Lamme &
Spekreijse 2000; see also Merker 20044, p, 566),

4.5.2. Consciousness and cortical memory. Penficld and
Tasper proposed a role for the centrencephalic system in
both consciousness and the laying down of cortical mem-
ories across the lile span, A rationale for such a memory
role is suggested by the present perspective. The perpetual
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and cumulative nature of cortical memory recording
(Merker 2004:1 2004b; Standing [973) puts a premiom
U1 BCORDINY of storage, that is, e conc entrating weniory
recording to sjmwhcant information (Haft 1998). A cri-
terion for dmng so is available in the system of integration
for action as oullined here: Tnformation that is important
enough to capture control of behavior (Le., by triggering
an orienting moverment p]aciug ity target in focal aware-
ness) is also important enongh to be cousigned to perma-
nent cortical storage. The focal presence of the target
obviously will he the greater part of ensuring such an
outeome, bid it is likely (o he aclively supporied as well
vstem of dual colliculo-thalamic relays to cortex
Fig‘ 6). From its pzu‘ietal aud frontal & gt areas,
accessed in part via so-called matrix cell projections from
the thalamus to the supcrficial cortical layers (Jones
1998), the mesodiencephalic inlluence woudd then propa-
gate and spread through the corlex via intracortical top-
down feedback connectivity.

The evidence for a “general leaming systemn” (which
includes the superior colliculus: Thompson 1993}, men-
tdoned in the introduction to section 3, would scem to
bear on this proposal, as well. In facl, the severe capacily
limitations of so called working memory (Baddeley 1992,
Cowan 200T; Mandler 1975) are likely {0 derive in large
part from the mesodiencephalic bottleneck which all
attended (i.e., conscious) information must access accord-
ing to the prescnt proposal, just at the point where the
parallel distributed data lormat of the forchrain requires
convorsion tn a sorial, limited capacity format to serve
hehavior,

4.5.3. The zona incerta and the seizures of absence
epilepsy. It is to be noted, finally, that the Penficld and
Jasper pns{uhhnn af a Cr‘,niwnmphxlm sysicm symmmelri-
cally related to both cerebral hemispheres was motivated
in parl by observations on the generalized seizures of
absence epilepsy. The zona incerta sends a rich comp-
lement of commissural fibers across the midline uot only
to itself, but also to the ton nuclel of the dorsal
thalamus {Power & Mitrofanis 1999, 2001). It is also a
prime locus for the induction of generalized epileptic sei-
zures, heing more sensilive than any other brain sile io
their induction by local infusion of carbachol (Brudaynski
ct al. 1995; scc also Gioanni ct al. 1981; Hamani ct al.
1994). A munber of phenowena that may accormpany
abscnce scizures can be readily related to the zona
incerla. Thus, a forward bending or dropping of the head
{or bending of the whole body 1o the ground; Penlield &
Jasper 1954, p. 28) may relate to the ulready mentioned
fact that the transition betwsen the zona incerta and mid-
brain contains mechanisms for vertical conirol of eves and
head (Holstege & Cowic [989; Waitzman ot al. 2000; cf.
sect. 4.2). The Mdlering of the eyelids that often occurs
in the same situation is also casily accommodaled by the
functional anatomy of this region (Morcuende et al,
2002; Schmidtke & Buttner-Enuever 1992},

The Penfield and Jasper definition of their proposed
centrencephalic system always included explicit reference
to the midbrain reticular formation. 'Yhe zona inccrta
rescmbles a forward extension of the midbrain reticudar
{ermation heneath the thalamus (Ramén-Maoliner &
and much of the functional anatony of the
diencephalon needs to be re-examined in light of its
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unusual connectivity, As noted by Barthé et al, (2002), the
identification of a second, incertal, source of G
innervation of the dorsal thalamus, in addition to that ui
the thalamic reticular nucleus, necessitates a re-e
of the entire issue of the nature of thalamic ivolvement in
reration and oscillatory thalamocortical activity
ick & Contreras 2001; Sterade 2001). This is

aluation

all the more so since the even more recent discovery of

a third source of powerlul GABAergie thalamic inhibition,
originating in the anterior pretectal nuclens (Bokor et al.
. One need not, however, await the outcome of
tify the zona ince the
perlect anatomical center-piece for the Penfield and
Jasper centrencephalic hypothesis, though its obscurity
at the time kept it from being recognized as such,

5. Consciousness in children born without cortex

.‘\Ill'lll'l'l‘iliil_\' is the medical term for a condition in which
the cerebral hemispheres either fail to develop for genetic-
developmental reasons or are massively compromized by
trauma of a physical, vascular, toxic, hypoxi hemie, or
infections nature at some stage of their development.
Strictly speaking, the term is a misnomer. The brain con-
ts of far more than cerebral hemispheres or pr
I‘Il ll“l]
[I AT10;

dical hem

vzl various “’”l]“"]]lh ['[ !)h[‘]'i"
ally labelled anencephaly. When the
condition is acquired, for example, by an intrauterine vas-
cular accident (stroke) of the fetal brain, the damaged
forebrain tissue may undergo wholesale resorption. It is
d by eerebrospinal fluid filling otherwise empty
es lining a IIIII'HJ;!”_\'.‘ill.’l]]('i! skull, as illusil‘uh'ti] in
The condition is then called hydranencephaly
ede l‘]‘a ), and is unrelated to the far more be
condition called h\\]mi e ])ll s, in which cortical h\\m'

are histor

is compresse «d by enl wing ventricles but is present in ana-
tomically distorted form (Sutton et al. 1980),
The loss of cortex must be massive to be designated
h\dl.mtnu])]‘l.:!\' but it is seldom t'ump]: le (see PN 8).
It typically corresponds to the vast but somewhat variable
forebrain expanse supplied by the anterior cerebral ciren-
lation (Myers 1959; Wintour et al. 1996). Variable rer
nants of cortex supplied by the posterior cireulation,
notabl eromedial oecipital, but also basal portions of
temporal cortex, and midline cortical tissue along the
falx extending into me ed.
The physical presence of such cortical tissue, clearly
visible in Figure 8, need not mean, however, that it is con-
nected to the thalamus (white matter loss often interrupts
the visual radiations, for instance) or that it is even locally
functional, On autopsy, such tissue may be found to
be gliotic on microscopic examination or to exhibit
other structural anomalies indicating loss of function
(Marin-Padilla 1997; Takada et al. 1988). As Figure S
.‘;]Il’\\"ll. maost cort AUCAsS arne ﬁilll])l\' n
and with them the organized s
ical connections that underlie the integrative activity
of cortex and its proposed role in functions such as
consciousness {Baars et al. 2003; Sporns et a
An infant born with hydranencephaly n
present no conspicucus iptoms (Andre et ‘al. [‘J 3
and occasionally the condition is not diagnosed until
several months l][:illl:ll:l“_\'. when (1:'\('|n]1uu‘nl:|l mile-
stones are missed. In the course of the first year of life,
which is often though not invariably difficult, these
infants typically develop a variety of complications that
include moloric ones (tonus, spasticity, cerchral
v}, and often include seizures, problems with tempera-
ture regulation, reflux/aspiration with pulmonary seque-
lag, and other health problems occasion
emergencies and attended by a high mortality rate. Were

g medical

Figure 5. ggittal and frontal magnetic resonance in
and some
inal fluid. Reprinted with the kind permission of tl

2004)
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one to confine one's a went of the capacities of ¢
dren with hydranencephaly to their presentation at this
time — which for natural reasons is the period in the
lives of these children to which the medical profession
has the most exposure — it would be all too easy to paint
a dismal picture of incapacity and unresponsiveness as
the hydranencephaly norm. When, however, the health
problems are brought under control by medication and
other suitable interventions such as s g to relieve
intracranial pressure, the child tends to stabilize and
with proper care and stimulation can survive for vears
and even decades (Counter 2005, Covinglon et al. 2003,
Hoffman & Liss 1969; McAbee et al. 2000).

When examined after such stabilization has taken place,
and in the setting of the home environment upon which
these medieally fragile children are crucially t‘}cp(-m]m{,
they give proof of being not only awake, but of the kind
of responsiveness to their surroundings that qualifies as
conscious by the eriteria of ordinary neurclogical examin-
ation (Shewmon et al, 1999). The report by Shewmon and
colleagnes is the only published account based upon an
assessment of the capacities of children with hydranence-
phaly under near optimal conditions, and the authors
found that each of the four children they assessed was con-
scious. For detail, the reader is referred o the ¢ reports
included in the Shewmeon et al. (1999) publication. Anec-
dotal reports by medical professionals to the same effect
occasionally see print (Counter 2005), but compared to
its theoretical and medical importance the issue remains
woefully underexplored.

To supplement the limited information available in the
medical literature on the behavior of children with hydra-
nencephaly, 1 joined a worldwide internet self-help group
formed by parents and primary caregivers of such
children. Since February of 2003 1 have read more
than 26,000 e-mail messages passing between group
nbers. Of these | have saved some 1,200 messages con-
mformative observations or revealing incidents
involving the children. In October 2004 1 joined five of
these families for one week as part of a social get-together
featuring extended visits to DisnevWorld with  the
children, who ranged in age from 10 months to 5 vears, 1
followed and observed their behavior in the course of
the many private and public events of that week, and
documented it with four hours of video recordings

My impression from this first-hand exposure to children
with hvdranencephaly eonfirms the account given by
Shewmon and colleagues. These children are not only
awake and often alert, but show responsiv i to their
surroundings in the form of emotional or orienting reac-
tions to environmental events (see Fig. 9 for an illns-
tration], most readily to sounds, but also to salient visual
(optic nerve status varies widely in hydranence-
. discussed further on). They express pleasure by
5 ng and laughter, and aversion by “fussing,” arching
of the back and erving (in many gradations), their faces
h('ing animated lv_\' these emotional states. amiliar
adult can employ this responsiveness to build up play
sequences predictably progressing from smiling, throngh
giggling, to langhter and great escitement on the part of
the child. The children respond differentially to the
voice and initiatives of familiars, and show preferences
for cerain situations and stimuli over others, such as a
specific familiar toy, tune, or video prog and

Merker: Consciousness without a cerebral cortex

Figure9, The reaction of a three-vear-old girl with hydranence-
phaly in a s situation in which her baby brother has been
placed in her arms by her parents, who face her attentively and
help support the baby while photographing,

apparently can even come to expect their regular presence
in the course of recurrent daily rou 3

Though behavior varies from ehild (o child and over ti
in all these respeets, some of these children may even take
behavioral initiatives within the severe limitations of their
motor disabilities, in the form of instrumental behaviors

such :m_making noise by kicking trinkets hanging in a

me constructed for the purpose (“little room”),
ating favorite toys by switches, presumably based
upon associative learning of the connection between
actions and their effects. Such behaviors are accompanied
by situationally appropriate signs of pleasure or excitement
on the part of the child, indicating that they involve the
kind of coherent interaction between environmental
stimuli, motivational-emotional mecl and bodily
actions for which the mesodiencephalic svstem outlined
in this article is proposed to have evolved. The children
are, moreover, subject to the seizures of absence epilepsy.
Parents recog these lapses ol accessibility in their
children, con nenting on them in terms sue “she is
off talking with the angels,” and parents have no trouble
recognizing when their child “is back.” As discussed
earlier, episodes of absence in this form of epilepsy rep-
resent a !]il > affliction of consciousness (cf. Blumenfeld
& Taylor 2003). The fact that these children exhibit such
episodes would seem to be a weighty piece of evidence
regarding their cor

In view of the functional considerations reviewed in the
foregoing, none of these behavioral manifestations in chil-
dren with hydranencephaly ought to occasion any surprise,
and no special explanations such as neural reorganization
based on plasti are needed 1o account for them.
Rather, they are what the nodal position of mesodience-
phalic mechanisms in convergent neural integration,
along with the comparative evidence regarding the beha-
vior of mammals in the absence of cerebral cortex,
would lead us to expect. Nor is there much warrant for
attempting to attribute these hehaviors to remnant cortical
tissue. Besides the questionable functional status of spared
cortex already alluded to, a significant functional asymme-
try speaks directly against it. As common as it is for some
oceipital cortex to remain in these individuals, so is it rare
for any uudilnry cortex to be spﬂmd. Yet, sensory respon-
siveness in hydranencephaly shows the opposite asymme-
try: hearing is generally preserved, whereas vision tends to
be compromised (Hydraneneephaly Group Survey £
The pattern is easily aceounted for by the intactness of the
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brainster auditory system in these children (Lott et al,
1986; Yuge & Kaga 1998), crowned by a projection from
inferior to superor collicul By contrast, vision in
these children is liable to be compromised alrcady at the
level of the optic nerve. The latter’s blood supply
through the anterior cerebral circulation exposes it to
damage in hydranencephaly, and its status varies widely
in affected children (Juones & Frauce 1978).

What is surprisiug, instead, is the routine classification
of children with h\dlanvncupha.l\' into the diagnostic cat-
7 of “vegelalive state” (Mulli-Sociely T Task Force
h nppar(‘ﬁ{ly in conformity with a theorctical identifi-
ation between the cortex as an anatomical entity and con-
sciousnes a fnction. It is thi identification which
has been under critical exanination i the present target
article. To the oxtent to which the arguments and the cvi-
dence presented here have any meril, such an identifi-
calion is nol icnable, and the routine attribidion of a
lack of mwareness to children lacking cortex from hirth
would aceordingly be inadmissible. The extent of aware-
ness and other capacities iu these children must be
bascd on asscssment in its own right, by appropriatc
I tests, and nat by relerence to the stalus of
their corlical tissuc (%h(‘wmon 2004). Morcover, consider-
ing the medically ragile status of many of these children
such behavioral assessment must be performed uuder
optinal circumstances.

Properly assessed, the behavior of children with carly loss

of their hemispheres opens a unique window on the fine-
tional capacitics of a human brainstem doprived of its cor-
corlex early in intruderine development. They tell
us, for one thing, that the human braiistem is sp: ﬁt,a]l\‘
human: these children smile and laugh in the 5pav'hz,aﬂv
human manner, which is differont from that of our closest
ivos among the apes (Provine & Yong [991; van Hooll
). This méans that the buman brainstem mcorporatcs
mechanisms implementing specifically human capacities,
as shown long ago by the neurologist Gamper on the basis
of his detailed cinematographically documented aceount
of a t,undenitznll\/ zme-nwpha]ic girl entrusted to Lis care
(Gamper 1926). In her case, thore is no possibility that
remnant hemispheric tissue mm’h( account for her human
smile, since detailed pmimm'ew histology disclosed that
she had no neural tissne above the level of the thalamus,
and even her thalamus was not functional.

The unphcam;n of the present account is that unless
there arc further complications, such a child should be
expected to be conscious, that is, posscssed of the
primary consciousness by which environmental sensory
information is related to bodily action (such as orienting)
and motivation/emotion (hmhgh the hrainstem system
ontlined in the foregoing, The basic features of that
system cvolved long before the cercbral hemispheres
cmbarked on their spoctacular cxpansion in mammals to
supply it with a new form of information based upon
cumulative integration of individual experience across
the lifetime {see Merker 2004a]. Now as then, this brain-
stem systemn performs for the cortex, as for the rest of
the brain, a basic function: that of integrating the varied
and widely distributed information ﬂf‘,F’,(]ﬁd to make the
best choice of the very next act. That Tunction, according
to the present account, is the essential reason for our
being couscious in the first p}ac& The integmted and
cobierent  relationship it establishes  between
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environmental events, moti\fdtion,/emotion, and actions
around the pivotal node of an cgocentor would scem to
offer a definition of a “being” in biological terms

Implications for medical ethics

Needless to sy, the present account has rd'u‘f 14y unph—
cations (or isstes in medical cthies. One of these concerns
pain management in children with hydranencephaly and
similar conditions. Tt is nol uncommon for parenis Lo
encounter Surprise ou the part of medical professionals
when reyuesting analgesia or anesthesia for their crying
child zlming invasive pr()cedm‘eh, a sitnation in some
ways reminiseent of what was found in the easc of nconatos
only a fow decades back (Anand & Hickey 1987, ‘They also
extend to more general issues perlaining to the Txfs]li\* of
care appropriale ta these ehildren, and ultwmi(‘lv 1o ques-
tions such as the meaning of personhood and even medical
definitions of death (see, e.g., thwnun et al. 1989, and
rences therein), Such questions are decidedly beyvond
the seope of the present article, which is meant only to
raise those issies of a theoretical and empirical nature
which arc prior to and essential for linding reasoned and
responsible answers o the ethical ones. Sufflice it 1o say
that the evidence surveyed here gives no support for
basing a search for such answers on the assumption that
“awarcncss,” in the primary sense of coherent relatednoess
of 2 motivated being to his or her surroundings, is an
exclusively cortical function and cannot exist without it.

7. Conclusion

The cvidence and (unclional arguments rov
article are not easily reconciled with an exchsive
cation of the cerebral corlex as the medium ef conscious
function, They even suggest that the primary function of
consciousness - that of  mate ching opportunitics with
needs in & coutral motion-stabilized body-world interface
arganized around an cgo- center — vastly antedates the
inveniion of neccorex by mammals, and may in fact
have an implementation in the upper hrainstem without
it. The tacit consensus concerning the cerebral cortex as
the “organ of consciousness™ would thus have been
reached prematurely, and may in fact be seriowsly in
crror. ‘This has not always been so, as indicated by the
review of the Penfield and Jasper (1054} * (‘enhemfphahc‘
theory of conscionsness and volitional behavior with which
we began. As we liave seen, their proposal has not only
been strengthgued b}‘ vertain ﬁndings dccumulahng
since it was first formulated more thau halt o century
ago, but, suitably updated, it still appears capable of pro-
v dmrf a vfene-m! framework lor the inlegration of a vast
ar nfdwmw lacts spanning from the basics of the ver-
tebrate brain plan to evidence for awareness in children
boru without @ cortex. Whether such s framework can
be developed into a comprehensive account of the
neural ox‘ganimtion of consciousness will depend upon
resolving a number of the empirical and theorelical ques-
tions le[t unanswered in the foregoing discussion. Prelimi-
nary thongh it may be, that discussion suggests that part af
the endeavor to resolve these questions will require close
serutiny of conserved aud convergently innervated upper
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brainstemn mechanisims as potential key components of a
ncural mechanism of consciousncess.
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NOTES

1. In wha [ollaws, the lorm “cortex” will always be taken Lo
wean all or part of the cerebral cortex along with its associated
dorsal thalamic and clanstral nuclear apparatay. The thalaric
reticular nuclens, being functionally intrinsic to this thalamacor-
ticau! complex is regarded as betng part of it despite its entbryolo-
gical and phylogenelic origin in the ventral thalamus (it is divectly
continuous with the lateral margin of the 7ona incerta). Unless
otherwise indicaled, “subeortical” will relor o all centyal
nervous svstem lissue that is not thalamocartical complex in
this scuse, aud “brainstein” will refer to diencophalon and the
rest of the enlire neuraxis caudal (o it.

2. To avoid possible wismderstanding of this key point, note
that the unalog “reality simulution” praposed hiere has nothing to
do with a faci f\'* v simulating things such as rdtemafe comvses of
say, Iettmw thean \ndlud “i " or any ather
sion of un “inner world,” “subjoctiv
like. Such capacities are deriv

tlunwht
ative ones, depeﬁdrw\t apon
ilional noural struetures whose operations presupposc those

deserihed here. The purpose of the “analog simulation” defined
here is first and foremost tn veridically reflect states of the
world, the body, and needs al whatever level of sophistication a
given species <mpTemenﬂ thase vealities. It is thus most (]H'P(‘HV
T «,mtuthvmnd(uv&thpomdudml (2003; £
well as to the “situation room analogy
12002}
3. Notc that in somce of the animal and humaa studics ciled in
this passage the term “Cartesian” ocours as a misnomear for
“spherical.” They ull refer to a system organized in terms of
“azimuth” and “elevation.” that is, a system of spherical
coordinutes.

us
r\P\aned hy [)Ph'v
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Consciousness withoid a cerebral corlex

Abstract: By themselves, mesencephalic subcortical mechanisims
provide a preattentive kind of o relatr’u to stirmlus-
related, short-latency dopamine relsase t » collicndar input
aborate forms of comsciousn containing identifiable objscts
i i i lasting phenomena
orks, Nevertheless,
rongly depends on

depend on the activation of prosencepha
the 1 of these higherlevel networks st
leng-lasting nwecéncephahc dovmmine release

Follawing and expanding on Penfield’s (1932) and Thompson's
vmo ideas, Morker's provoeative artidle proposcs a central

lc of the upper brainstem in the mechanisms of consciousncss,
the tefencephulon and diencephalon serve as a medium for
> increasing eluboration of conscious contents. The sensorimo-
r, multimadal integrative vole of the brainstem is supported by
e amounts of evidence, und few would argue wainst its key
in hehavioral erganization. Merker goes beyond this con-
ception by proposing a “sslection triangle,” based on action selen-
tion (substantia nigra, SN}, targel scloction {supcricr colliculus,
S0} and motivational rating (peviarueductal gr: that controls
teloncephalic  processing, d

scrves bo JCO'UT?I.,C behavior, and
implics a conscious modc of function. Ina rudimentary [orm,
this systern might be present in the earliest chordates, while
the cvolulionar lopment of the telencephalon has served
to provide plastivity and to expand this syster by virtne of paral-
lel processing. An intriguing element in Merker's proposal is the
role of the zona incerta, a GABAergic complex that is suggested
to vperate i competiion with the SC for control of higher
corlical areas.

Theve is no doubt that irther research is necassary regarding
the role of subrortical structares in conscious experience and
cognilive processing in general. Ungnilive neurosciences have
been excessively focused on the eorebral cortos us the noural
foundation of all higher psychological functions. Morker's
arlicle clearly suggests thal subcortex also plays an important
role deserving investigation. The compelling evidence reviewed
in the targel article could be not enly a good inducement, bul
slso a starting point for such research.

Our commentary is foeused on the of the midbrain
superior colliculus and mesencephalic dopaminergic nuclei in
orienting and  goul-divected behavior (Aboitiz et al. 2006}
Fram being oviginally considered (o he a system thal codifies

7t cnhceqn t studies emphasized the role of the dopamin-
) system in sovoral [unctions like aleriness, reward
prediction, attention, and working memory. Behavioral and
physiological approaches suggest that there are two modes of
DA signaling. Tonic, longer lasling DA reloase may be more
d to the waintevance goul Tepresentation in workiug
and to sustained altentio during the cxceution of beha-

Aov { Bandyopadhyay et al. 2005; Muller et al. 1998; Rossetti &
Curboni 2005, Zhang et al. 2004} Ou the other hand,
short-Tatency, phasic, stimulusrelated DA release (SBDR;

70— 100 ms post stinmbas fatency, <200 was duration) is related
i unpredicted, salicat stimuli and pqlllcqum) in updating goal
vepresentations, in attentional shifts, and in reward pmdwt‘ow
(Montaguc ct al. 2004; Thillips ol al. 2003; Redgrave & Gurney
2006). The balance belween these (wo systems is crucial, as
failare t maintain the behuvioral goal results in distructibility,
and failure to update it \ulh new sensory cvidence rosults in
perseverance {Aboitiz et al.

Several lines of ovidence point to the deep layers of the
superior colliculus {SC) as the main souree of short-latency
nput into the substantia nigza, be it in the context of
oricnting behavior toward visual stinndi (Coizet ot al. 2003;
Comoli et al. 2003; Dommett et al. 2003, Redgrave & Gurney
2006) ar avoidance behavier in response Lo noxious stimuli. In
the second case, aversive stimuli it a  short-latency
(<1t ms) phasic DA suppression [Ungless et al. 2004). In
me conlexts, SRDR works as a reward prcdiclion vice,
cling hehaviors thal maximize {future rewards {Monlague

SENSOTY
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el al. 2004; Schullz & Dickinson 2000; Toblar ef al. 2003, Waalli
ot al. 2001}, which is in aceordance with the “action-selection”
role for the SC and SN proposed by Merker.

However, in reallife conditions, the reward value af m ny
unexpocted events is vmkuown at the time that SRDR takes
place {Redgrave & Gurncy 2006). These authors consider that,
perhaps more thun predicting the occurrence of reward, SRDR
has & role in the reselection of actions that triggered an unproe-
dicted event. In other words. every time a salient, unespected
stimulus is produced, SRDR i the corpus striatomn, amyypdala,
and prefronial cortex allows an associalion of the sensory,
motor, and contextual situations immediately previous to this
cvent, so that the animal may develop a “causat )
the events that Ted 1o this unpredicted stimulus and will
become able to generate them in the future (Redgrave &
Gurney 2006). I this stimulus is subscquently assos
positive or pegative reinforcennent, the auimal will know what
to do in arder to upproach or avoid this situation, respeetively.

Besides the assaciation with contextual informatinn,
of knowledye about the unpredicted stimulus itself does the
animal obiain from SRDR? If the primary shml latency input
o the SN is the SO, it canmot he much. Visy mammafian col-
licular neurons Lend lo respond o spatially localized changes in
Tuminosity that signal movement or appearance or disappearance
of objects in the visnal field, while being relatively insensitive to
object-specific charactoristics (Sparks & Jav 1086, Wurlz &
Alhane 1980). Furthermare, SRIDR is considered to relate to
pro-saccadic proccssing in which allenlion is deviated to the
unatiended salient event, and there is not much information
about the appetitive or aversive reinforcement consequences
{reviewe: ¥

In agreement with Merker’s propo ous experience
may tuke place in preatontive (prosaceadic) stages (Koch &
Fsuchiva 2007). Nevertheless, we may ask the question about
what contents might this conscious function bave at the collicalar
Tevel. Visually, ohject-relevant evidence may nol be fully available
at this point, and it is difficult to think of a conscious process
without identifiable beings ar objects in it In our view, the role
ol mesencephalic, subcortical mechanisms in consciousness
might be better deseribed as providing a sort of “proatentive/
prosaccadic conseious stale,” rolated (o aleriness, attentional
shifts, and dedision waking, The participation of bigher telewc
phalic centers s necossury w0 make this a s
which short-term memory may participate, thus providing the
essentinl, recarsive character of higher consciousness. In this
context, the longer-Tasting, sustained dopamine release thal sup-
ports attention an d wm‘l«'iﬂg mMemory may contribute to the main-
tenance of this kind of perception online in higher telencephalic
components in order to ach anals that are not m1mf>dmt9";
available (Aboitiz ot al. 2008). Tn other words, Merkor is quitc
ight in 2 sslgnm the mesenecephalic-basal forchrain level an
important vole in pﬂmlme orienting and goal-divected control,
which serves as u basis for primordial, preattontive form of can-
sciousness; but the higher Lelencephalie conters are necessary |
the elaboration of more complex forns of hehavior und recursive,
ohject-related conscionsness
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Abstrac

Pos tulJtmL, the wbwmul organization or uman conscious-
l}‘(‘pant\x (.Jrhul fumnm c early develop-
ment. Practical i a5 of the centrencephalic pvopoml inclide
the redefinition of improved assessmient in nonverbal
Lumnans, and Lenefits of adequate analgesia/anesthesia for these patients,
which certainly justify the rigorous scientific efforts required.

reappraisal of the mechanisms of human consciousness, differ-
entiating it from its attributes, finctions, or coutents, is long
overdue. Widely held concepls about the key mechanisms of can-
selousuess, ar its fullest expression via the human brain, have not
wnined in the Hght of accumulating evidence sinee the
5. Mearker preseats the organization ol a subcortical sysiem
{the centrencephalic system ;mpmed by Penfield and Jasper
in the 195( Penfield & Jasper 1954), with mulnﬂ
lines of anatomical, nem')ph siological, hebavioral, clinical, and
neuropathological evidence, and t@k‘(ll()}_,l(,dl yationale — all of
which support a persuasive argument for the subcortical
control and temporal sequencing of hehavior. Advanced newroi-
maging techniques or other wols can now be applicd to testable
potheses derived from the updaled centrencephalic theory, an

&
&
£

the mistaky gar
lations with impaived cortical ﬁmrhmw or corh(ul |mmahmh
Because of its clinical, ethical, and social inportance, this com-
mentary focuses on the impact of centrencephalic theory on
the capacity for pain perception in subjects with impairml cartical
lunction or corlical immaturily during carly development.
Despite a higher pvmmame of pain in p'mheﬁfﬁ with impaired
corlical lunction {Breau ot al. 2004; Ferrell ot al. 1995; Pajmr oo
498; Stallard clal. 2001), such paticnts — not unlike the children
with hydrmencephaly seribed by Merker — receive fewer
anaL CSICS A4S COMPArcd v ith matched cognﬂivc' intacl paticnis
Bell 1997; Feldt et al. 1995; Kob et al. 2004 Malvi
2001, Stllard et ul. 2001} Gerlatric patients with dementia
also veceive fewer and lower doses of npx’m':] or nonopioid analge-
s tha those teceived by r<uupdmb!s but Lop)uv‘l\ intact
11 1997; Closs ot al 2004; Feldt et ol 1998, Forster
Horgas & Tsai 1998} When we consider cortical
immaLunL' during carly development, the impact of these prac-
tices appears even grealer. Human neonates, preterm and full-
term, were previously thought to be insensitive to pain and
were reutinely subjecled o suldral operations without adequate
*me‘wll esia or analgesia (Anand i\* Aynsley-Green 1983; Anand &
. nubers of newbom fents are currently
axposed to p(ﬂﬂﬁll invasive procedures without appropriate
a {Jolmston et al. 1997: Purter & Anaud 1998; Sinons
ct al. 2003) and reeent reviews have qu(:atwmdt]w ability of pro-
mature newhorns or fetuses to experience pain ’I)evh sshive
2006, Lee et al. 2005; Mellor et al. 2005).
denving or discounting the pain experienced by t hme who have
little or no self-report recapitulate the opinions of leading phys-
icians in 19th-century America, as, lor example, when “Dr.
Abel Pierson, Henry |. Bigelow, and others. ...assumed that
the ability to 1

P“L k19
1 garding the Cxpunnoc of pain in
thase with Iimited cortical Emcﬁnw include the cinrent definition
of pain and the exclusive ussociation of human consciousness
with cortical function.

Withiu tie medical/scientific commmmity, concepts of pain are
bascd on its semantic definilion rather than the actual c}:pcricnr'c
it signifies. Pain is defined by Merskey and Bogduk (1984} as “an
unploasanL sensory and cmolional cxpericnce associated with
actual ar potential tissue damage, or described in terms of such
damage.” followed by the note that. “Pain is always subjective.
Fach individual lcarns the application of the word through
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experiences relaled Lo injury in early life” (Merskey & Bogduk
1994). Over the this definition has propagated undue
credibility for the verb: ssion of pain, delined within the
context of adull consciousnass, P]WPH(]PHH‘T medmﬂ pno[lrm
that regard vorbal self-report us th ard” for pain
(K. D. Craig 1997, Cunningham 1885; 1999,. Major llaws in
this definition iuclude its excessive wlid.uuc' ou verbul self-
report, the eriterion that some form of learning iy required
in order to experience pain, and its forns on use of this
word rather than the experience of pain {Auand & Craiy
Anand et al. 1999, K. 13, Craig 1997; Shapiro 1999;
Wall 1997}

Conlfusion rogarding pain P\/ICCDLOF in lile continucs 1o
hinge on various interpretations of this flawed definition {Benatar
& Benatar 2001; Derhyshire 2006; Lee et al. 2003}, generating 2
circular argument thal “lo cxpericnce pain, infanis must first
Iearn what is pain; to learn what pain is, they wust first experi-
cnee it” The oxp of pain prin forms consclous
heings of hodily harm; its perception is vital to survival and
cammtvepend on putative mewmories of prior pdmmw experiences
{Anand ot al. 1999, Cunningham 1999). Consisicni with this
rationale, even the first exposure fo bod 7 injury demaonstrates
the clinical signs of pain, regardless of whether tissuc damage
occurs during fetal or neonatal life (Granau & Craig 1987
Willizns 2005). The experience of pain must precede any
responses that ensuc (verbal, behavioral, or physiological)
whereas the relationships hetween feeling pain and reporting
pain are highly cantext-dependent {Anand & Craig 1996; A. D.
Craig 2003)

The enfity of conscionsness, as discassed in greater detuil else-
whore {Anand ctal. 1999; Benatar & Benatar 0001 is mistakenly
equated with dv\»lupment of the human mind (Benatur &
B(‘nutar 2001; Cunningbum 1998; Derbyshire 2008) und bur-
dened with “the expectation that living organisms must exhibit
certain attributes or capabilitics anddogous to the adult fruman
in order lo fu the eriteria for consciousness” (Anand et al.
19499}, Some authors argne that fetuses or neanates are not con-
scious, thal they are compicx automatons {Derbyshire & Furedi
1 Lioyd-Thomas & Fitzgerald 1996; Yelazo 2004), simply
manifesting varions roflexes triggered by tissue injury, but incap-
able of cxpericncing pain bcuusr they lack consciousness ar
cortical maturity {Beuatar & Benutar 2001; Derhyslire 2006;
Lec ot al. 2005; Mcllor ot ul. 2003).

Closer examination reveals three m;
rationzle. Tix pain perception is portraye:
syslem, passi ely transmitling pain |rrpul<s‘~ \mlﬂ b
Geours in the cortex (Derhyshire 200 ee ot al 2()1)5 Mellor
et al. 2005). Begiuning from the Gate Cuntr(n Theory of pain
(Melzack & Wall 1965), accurmilating evidence over the past
40 years should lead us to discard this view of pain.

Second, it assumes hal fetal or nconatal pain perecption must
activate the same newral structures as in the adult; immaturity of
these arcas then supports the argument that fetuses or prem
noonates cannot cxpericnec pain. However, multiple lines of ov
dence show that the structures used for pain processing in e
development are unique and different from adults and that some
of these structures&solimechanisms are not maintained beyond
specific developmentul periods (Titgers 5; Narsinghani
& Anand 20001 The immature pain system thus plays a evacial
signaling rele during each stage of development and therefore
uses dillerent neural clements available at spf‘ci’ic times during
dn\e‘ﬂpmenf to fulfill this vole (Glover & Fisk 19

Third, the immaturity of thalamocortical counc‘cuov]s is pro-
posed as an argument against [atal pain perception {Derhyshire
2008, Lee et al. 2005; Mellor et al. 2005). This reasouing,
however, ignores clinical dala showing that ablation or stimu-
latiou of sowatosensory cortex does uot ¢ alter pain: perveption in
adults, whereas thalwnic ablation or stimulation does {Brooks
et al. 2005; A. D). Craig 2003; Nandi et al. 2003). The fetal thala-
s develops nuch earlier thau the cortex {Ersurumlu & Jhaveri

major H'L\UR in this scientific

"

Consciousness withoid a cerebral corlex

1990, (Leary el al. 1892; Ulfig et al. 2000), supporting clinical
ohservations of fetal hehavior in response to tissue injury (Fis}
ot al. 2001; Williams 2005). Funclionally specific cortical activily
in response (o tactile or painful stimuli in premature neonates
{Burtocei et al. 2008; Slater ot ul. 2006} provides further evidence
for the thalamocortical signaling af pain.

Fuaneticnal development of the centrencephalic system very
Tikely me dmt"s the onset of consciousness in fetal life, defining
the “heing” in hiological terms {Hepper & Shahiduilah ]‘it)4
and Mexker's target article), and euabling its Tesponses to inva-
sions of hodily integrity (Wall 1996, 1997
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Abstract: Attention research with prefrontal patients supports Merker's
: g the erueial role for the midbrain in higher cognition,

focked and ipisunderstood prefrontotectal connec-
However, information theoretic analvses reveal that both exogen-
, collieular) and endogenous (prefrontal) sources of information
ssponsible for large-seale contex-sensitive brain dynamics, with pre-
[rontal cortex being at the top of the hierarchy fo s control.

pr

In his target article Merker reminds us of the critical wole of mid-
braiu structures for bigher cognition in hunans, This timely
reminder should renew the interest for the study of cortical —sub-
cortical interactions underlying human cognition. Ouvr own
rescarch on the altentional dboxdcxs in neurclogical palh,uls
although partly consistent with Merker’s claims, calls for a re
sion of the theorcticd implications of the centrencephalic
h‘,pol)nsls in light of the supcrordinate position o prelrontal
cortex in the functional hievarchy of control in the human
brain {Bareclé & Knight 2000; in press; Barceld ot al. 2000;
Fuster 1987). In his otherwise very thorough review of brain
unutomy and function, Merker does not consider the existence
of direct prefrontotectal pathways in the human brain {Figs. 4
and € of the target article). Tn our view, this piece of anatomy
carties crucial implimtiﬂub & \,ompntiug und interpreting infor-
mation processing within the central nervans syste

Dircet pn,lromolcma{ paliways have remaincd  rolativ
unczplored since their discovery in primates by Goldman-Rakic
and Nunta {1976}, Failure to notice the relevance of prefronto-
Leclal palhwavs abounds cven in autharilative reviews of ¢
tal anatomy (Petrides & Pandya 2002, and conserquent
putative finctions of sucl conmectivity have een overlooked
or downplayed by recent models ahoiit the neural contrel of
1 {(Miller & Colien 2001; Posner & Petersen
1990). This route was originally thought to uid the tracking of
visual targets in spatial coordinates and was refated to the cortical
controt of visually guided saccades wmd visnospatial distractibility
{Gaymard el al. Z‘N)" Pierrol-Deseilligny et al. 1991). Only
vecently has this route heen related to the top-down control of
voluntary and goal-dirceted behavior (Bareclé & Knight 2000;
in press; Friston 2005, Munoz & ¥ 2 2004}, The dorsolateral

BEHAVIORAL AND BRAIN SCIENGES (2007) 30:1 83
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prefrontal region involved, which corresponds to the middle
third of the principal sulcus in the monkey, has been shown to
subserve not only spatial, but also more general working
memory functions closely tied in with awareness (Petrides &
Pandys 1. Henee, justified to ponder the role of pre-
frontotectal pathways in tm'gﬁl and action selection (sects 3.2 and
4 of the target article). In contrast to Merker's proposal of an
“anatomically subcortical  but  functionally  supra-cortical”
system, we argue that prefrontotectal pathways evolved to
allow the boren prefrontal cortex to control the centrencephalic

system, in line with the evolution of cantrol architectures in the
nervous system (ef. Fuster 1997).
Our argument can 1 by the extensi

on the neural bases of selective attention (i.e., l‘n(‘lﬂll!g] to
spatial, target, and task-set information. Most evidence for a col-
lieular impli in targe| s around the selec-
tion of the spatial location of relatively uuw:[ salient, or distinet
perceptual objects whose abmpt onset triggers sensory and
motor adjustments collectively known as an orfenting response

{Sokolov 1963). A cortical marker of the orie nting response can

Tana st represeniatony
for comentual ool

CONTROLS FRONTALS FRONTALS
Novels Ipsi Novels Contra Novels
Fpz : Fpz Fpz
-

]
»° 5
Fz ] ‘ﬂ Ju Fz Fz |F“
i
r2” ;™ [~
2

w:;
0 e0 800
misiconds.

—— PREDICTIVE NOVELS
Sevapperes UNPREDICTIVE NOVELS

Figure | (Barceld & Knight),  Hypathetical prefronto-tectal interactions during visual orienting to familiar and novel task-set infor-
mation. (a) Information theoretic model of prefrontal function (adapted from Miller & Coben, 2001). The neural representation of
pools of stimulus features (S} and motor responses (R} are connected thmu%h several hi hical levels nf int ing sensorimotor
processes in the central nervous system (of. Fuster 1997). Familiar and well | visual diseri | 1 upright (dis-
tracters) and upside-down (target) rapidly and randomly fashed 1o |mli| visual hemifields require sustained maintenance of
a suf li task-set repres (task-set I). This higher “task-sot representation holds other subordinate sensorimotor units
(sr) in an active state at subcortical and for posterior cortical structures, thus providing intervening pathways between perceptual
and motor units. Lateral prefrontal cortex has been proposed to hold superordinate :milcxtlmrn spresentations in working
memory (Miller & Cohen 2001). The onset of a r event triggers the updating of its corresponding sensory (s1, 52) and sen-
sorimotor units (sI-rfh, ¥2-r1) at subcortical and or posterior cortieal structures, without modifying the superordinate representation
of familiar information. On the contrary, task-irrelevant unexpeeted novel events (s1) trigger an orienting response that demands
updating of the active superordinate representation of task-set information (o new task-set I1). The novel task-set 11 competes
for attentional resources with the familiar task-set 1, thus causing behavioral conflict and distractibility. When the novel event pre-
diets the appearance of a target event in a predictable context, then a momentary conflict between two superordinate task-sets
rapidly turns into anticipatory activation of the familiar task-set I, resulting in an amelioration of behavioral distractibility. (b)
The cortical marker of the orienting response 1o w )rn-(liciive and predictive novel events displaved at the ipsi- and contralesion
visual hemifields of patients with unilateral lesions to their dorsolateral prefrontal cortex (middle and right columns) are compared
with data collapsed across both visnal hemifields in controls (left column). Novel events evoked [rontally distributed “novelty P3”
potentials in Controls that were severely reduced in the Frontal patients regardless of the predictive value of the novel events
o its visual hemifield of display. Importantly, predictive novels elicited anomalous sustained early 50-200 ms negativities over
the lesioned prefrontal cortex (Ipsi Novels). The early timing ol' lhcsc tivilies suggesu:d (-onﬁk,l -ngn.uis from prefrontotectal
pathways that could not be dealt with because of missi m?a T at 1 cortex. Grey bars indi-
cate the time window for novelty P3 I I region; F'x Mid-frontocentral region (for a full explanation
of the task design, see Barceld & Knight 2000, Barceld el 11 _ﬂl)(l)

nt. I
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he measured as a ileraﬂhpeﬂ wc'ﬂp recorded event-related
potential, the so-called indicates that a
novel evenl has caplured attention aud at that point in lime, is
maost Tikely within the focus of mind (Friedman et al. 2001}
The novelty D3 potential dopends on the integrity of a distributed
corlical network including dorsolaleral prchontal, mporo:
parietal, aud mesial temporad cortices (Knight & Scabini 1998).
This cortical murker of the orienting response was originally
deseribed as an involuntary reaction to novel and salient stimi-
fation reflecting moedality nouspecific cortical-subeortical futer-
actions { visual novelty P3 aclivations do not follow the
retinotopy of the ﬁﬂmmﬂmh date pathways; of Sokelov 196
Friston 2005}, that mosl I§

=

& mxom“lﬂslr‘rpulmrlo‘ ctal path-
ways {(see Fig. Tb; Barceld & Knight, in press). These corlical
muadnlations could be fikened to the prcpm‘h of the centrence-
phalic system UJ Dcmg “sy mﬂclnca’l\, rel alc:i to boLh wmbml

@

and un infummh()u thwn( tie amalyti lp[)l(ld(h hm
mare tap-clown cortical control in this brain’s arienting response
than was origiually suspected {see Figs. lu, 1b; Barceld & Knight
2000; in press; Barceld ol al. 2002, ‘700

Target and action selection raquire integration of contextual
information across the spalio-tempaoral dlmcnslons ol aur phy
ical world. We ovient to those targats that are pm(‘ephn“y
sulient or behaviorally relevant. Howsever, the information
conlent of a target for perecplion or action depends on the
leamed associations between exogenous sensory signals and
pasL short- and lang-term memorics and plans of action. These
conlexi-dependenl associalions belwsen sets of stimuli and
responses for the accomplishinent of internal gouls are putatively
cncoded at hicrarchically ordered levels of ropresentalion in the
Lal. Even if the o sten Jias
direet contl’()l UVCT SCHSOTY G.e., s, 520, motor (L
some  sensorimotor {sr) representations needed to pe
simple wud familiar visuospatial discriminations, it does not seem
as well equipped as prefrontal cortex lor accessing the shorl-
and long-term memories necessary for the temporal ovganization
of human behavior {Fuster 1897). The newral decisions aboul
whether a novel sensory signal should be selected as a larget
{ie., sensorimotor pathway s3-nf in Fig. lal, or inhibited as a
s1-r0) in Fig. la), and whether these associalions
Iy reversed in oa differsut task context,
demand activation of o frontoposterior cortical network far
updating episodic taslk-set information (Barcelé et al. 2002, 2006}

T a recent siudy (Barceld & Kuight, in press), we observed
that: dorsolateral pmfrrmla] corlex is necessary lor establishing
the contextual meaning of novel events either as n‘r@'e\mﬂf
i clers in an \mpredu,mbkf context {ie., pathway sx-r0 in
Fig. la), or as mﬁrip'}tm\' cnes for target and action selection in
a pre Adictable contet {Le., pathway sx-rf in Fig. la; Barcold &
Knight 2000; in press). Unilaloral prefrontal lcsxons disrupted
novelty P3 activity in hoth hemispheres regardiess of the predi
tive value or the hemifild of novel display (Fig. 1b). Morcover,
the lemporal contingency between  predictive novels and
targets was leamned only when novels were d.\spldwd at the
ipsilesional (good) visual “hemifield of patients. In this condition,
predictive navels elicited anomalous sustained early 30--200 ms
neg tivities over the lesioned cortex (Tig. 1b; Ipsi Novels). The
early timing of this anomalous negativity, onsetting before
visual information could reach prefrontal cortex thruu;;l\ genic
Iosiriate pathways, suggested incoming signals [rom a profron-
totectal voute that conld not he adequately dealt with because
of missing prefronlal lask-scl representations. The inabili
learn lhe novel-target conlingency when prediclive novels were
flashed  contralesionally concars with these putients” targer
negleet and other cupc)ordmau‘ deficits in cognitive cantrol
{Le., unosognosial. From au miomuhnn the wn: approach to
brain ﬁmctnm both exogenaus { ) and endogenaas
(e, prefrontal} somrces of m‘mm ion are necess
c()mput&‘ the informational coutent of sensory s

Consciousness withoid a cerebral corlex

However, the meaning ol human conscious experience seems
to emerge from large-scale cortical dynamics, with the prefrontal
cortex acling as the chief cxeeutive in the hicrarchy of cognilive
control {ef. Fusler 1997).

The hypthalamo-tectoperiaqueductal system:
Unconscious underpinnings of conscious
behaviour

DOT: 10.1017/80140525X07000933

Ralf-Peter Behrendt
MAC Psych, The Refreat Hospital, York, YOT0 5BN, United Kingdom.
rp.behrendt@btinternet.com

Ahserack: The ir s (,r‘ Behaviour control, the moso-
diencephalic system i to the cortex should have
profo md impli i wens. Neverfholess, the ths
mncortioal system could stll h. (hz wmed an “organ of conseiousac
if we eatne to aceept that conseionsness is not ¢ mtul to purposeful beha-
vieur, accordance with mstinet thoec n‘ht‘ Iy, Mer
s of hasic conscionsnoss and ago-oo itical discussic.

I hegin with a long quole from William James” The Principles of
Psychology. which considers the nature of self-axperience in
relalion Lo aclion and consciousnoss:

‘)]nﬂ("i] acts into flrlm\fml"f!f\ and
stments collest

T wo divide all possible phy
executions, the nuclear self mm\ld bo the a l
ed; and the less intimate, more shiftin

would be the executions. But both
abey the reflex type ... The peculiarity of the adiustments wonld be
that they are minimal refloxe

sidle:

Hustments and excontions would

univteresting cxcept through their
various things and

These characters would natu

¢ or mlu[mu the presence o
ms before con

keep us [ro;

attention to them in dotai

introspoctivel
whilst they would at the san: e

ent group of processes strongly contrasted with all other things con-
seiousness contained — even with th
material, social
arouses ther;

. time make us aw

ent as a coher-

s other constituents of the “Sell]
ght be 4 Everything
for objocts which have ao other olTeets will for
moment contract the brow and e the glottis close ... These
y are the permanent core of turnings-towards
and turnings-rom, of vieldin; seem

spiritual, as

& case ...

and arrvests, which naturally

to feel them as the birthplace of conclusions and the starting poi
- o
ol acts, or il {

ca the “sanctuary within the

to appear as .

onal life

citadel” of our pe
enced is, strictly
asunder into two contrasted parts, ene roalisad as “Sell)

“not-Self.” and that ever and above these parts there is nothing save

the fact that they are known, the fact of the stream of thought being

there as the imdispensable subjective condition of their being experi-

enced at all, {James 1990, pp. 302-304)

Merker shoiuld be applauded for emphasising the evelutionary
significance of the wesodiencephulic systein — comprising bvpo-
thalamus, periaqueductal gray and superior colliculus — and
pointing out that the cerebral cortex is ut the service of this
systom. The insight that more priwmitive upper-brainstern-based
mechanisms oconpy a superordinate position in the regulation
of behaviour does not meun, however, that consdioustiess, too,
is merely elahovated by the cortex e superior calliculus
implements a form of “analog reality simulation”; however, it
scoms unjuslificd to infer that such simulation in its interaciion
with action representalions “conslitules a conscious mode of
fumetion” formed wnder the influence of “feclings reflecting
momaenlary ncp(‘s {scet. 4.2, para. 3). Reality simulation biased
by motivational varisbles and target selection may be o
(1!"x,nd& ot apon mesodicncephalic structares indeed, 1

it would Tollow that all that is experi-
considered, objective; that this Objective falls
the other as
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insofar as it hecomes censcious (i.e., insofar as we can speak of
feelings and the expe ce of an external world), it may still
Thave Lo iavelve the thalamecortical syslom. Consisicat with p
choanalysis, het is primari

behaviour remains unconscious to a large extent. Conscionsness
- a role when behavioural impulscs arising in upper
with refer-

staris to pla
brainstem systens need w be delayed aud modified —
enee to past experienee — to adjast to comploes
in the interplay hetween multiple and conflicting goals and
unpredictable opportunities und obstacles.

i the mesadiencephalic system centred on the supsrior col-
liculus were to provide “a connective interface hetween the
brain’s basic molivalional systcms and the orienting machinery”
(sect. 4.2, para. 7} as well as the conneclivily needed for con-
s, how can we wnderstand aspects or sequenc oF
Vo’d rected and motivaled behaviour thal arc unconscious?
Moreover, how are we to understand forms of consciousness
that are relatively uncoupled fram observable behaviour and
clearly imrelated to sensory information heing forwarded to the
collicutus {dresms and hallucinations)? Conscious experience in
dreaming and wakefulness is similar phenamenologically
{Behvendt 2006) and accompanied by similar patterns of thala-
mocorlical acti (Llinas & Parc 1991; Llinas & Rihary 1993
qnwhmﬂ them as fimdamentally equivalent states. In’dr
and ballucinations, thalanic relay cells are less responsiv
v slimulation while brainstcm-based arousal mochanisms
continue to activate thalamaocortical circuits (Behrendt 2003).
Ilcre, conscious cxpericnee is uncoupled from sensory input
representing the exlernal world, and it seems ualikely that
i elaborating the content of

conscious
sponding activity changes in the superior
to Merker's tostable prediction, although the inforior colliculus
was active during auditory ha”udxu.tmni (Shergill et al. 2000).

Merker l'\pothmxs crucially depends on the notion that con-
sciausness is “the ‘medium’ of any and all possible experience”
{sect. para. 3), and therefore that consciousness can be
separaled [rom the content of cxpericnce ~ that there can be
conscigusness without content. Indeed, he treals consciousness
as a “fimetional utility” that is “independent of the level of sophis-
Licalion at which the contents it integrates are defined” {(seet. 1,
pars. 6); and it is only from this position that we can iuterpret
Penficld and Jasper’s {1054) findings sy suggesting that “herni-
sphevectomy does not deprive a patient of conscinusness, but
rather of certain formes of information, discriminative capacites,
ar abilities, hut not of consciousness ilsell (iF‘I‘X 2, para. 3). This
position may also misguide us to look for a “way in which this
wedium wight be uuplﬂu&u‘.&d ueurally” (sect. 1, para, 45 and
when pinning primary conscionsness to “quite specific neural
arrangements” one comes to the rather paradoxical conclusion
that ancneephalic children who “show responsiveness (o their
survoundings in the form of emotional or arienting reactions to
envirommental events” {(sect. 5, para. 6) — such as sounds and
“salicnt visual stimuli” — arc conscious, whorcas purposclully
rescting invertebrates, such as the medusy, which lack such
”sper‘iF‘ strsctural arrangements” (sect. 1, para. 4) are not.

Wi hahc more mnmemahc is that hy redue ing conscionsness to
i i ings that qmﬂth as
¢ the criteria of ordinary neurclogical examination”
res the subjective nature of con-
scious exporionee {Scarle 1992, Signs of pleasure or cxci-

Ed
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96) illstrales that “environmental sensory informalion is
ed to hodily action {such as orient] n,‘ (sect. 3, para. 10)
nel necessarily through the medium of a “primary conscious-
ness.” DDecarlicate animals orient to their dings and
djsle' molur behavioural reactions, suggesting indeed  that
thesc hehaviours are dependent on stru icturcs in the mcsodmncc-
phutic region, but they too may do so without consclous av
Cortical Dlindness fnlr)\\mg destruction of pmt(nur
al visual areas can he restored by inactivation of the contral-
ateral superior <o s {Sprague effect); however, the restor-
ation in the formally blind field is “limited essentially to the
ability to orient to and approach the location of maoving visnal
stimuli™ {scet. 3.1, para. 1}, so that we cannot be conlident that
the orienting behaviour now under contral ol the ipsilateral
\upcriu ulay is cons ous, that is, that we are dedling with
a “partial resloration of vision” (scet. 3.1, para. 2) in the sonse
of a conscions function.

Merker uppreciates that “what we confrout in sensory o
seiousness is indeerd a simulated (synthetic] world and body
{sect. 4.3, para. 5), concwTing with philosophical idealisin

1

{Behrandt 2006). Prohlematic, however, is the notion of
canter” (sect. 4.3), which “we ocurselves occupy when we are
conscious” {scel. 4.3, para. 2) and which is thought to be

Tocatad at the “ovigin of the coordinate system of the simulation
spuce” {sect. 4.3, para. 2). Passivity phenamena in schizophrenia
suggost thal there is #0 “irreducible asymme . between per-
ceiving subject and spprehended ‘Jl)]t\,b, (sect. 4.3, para. 2).
More 1 basic scnsorimotar self cxpericnce is a deiion
of instincl-driven conscious behaviour: Tension reduction
during approach to a desired goul — the vielding to an wrge or
impulse, oflen afler overcoming conflicling — which
ceompunies all couscionsly yuided bebaviour und thinking
introduces an asyvinetry between sclf and non-self into the

anitary realm of suhjective conscions experience (Behrendt
2004; 200

which acco

ding to philosc ! phenomenology
and idea is available o us (see the quotation
from James [1800] at the heginning). We are, in other words,
nol “cenlral residents of thal simulation” and as such “<leiCCL
m ever shifting rr(mdi feclings, urges, emotions, and lml ulses”
oot L3, par 8), but we owrselves aro the product of these
urges, cmolions, and impulscs {Behrendt 2004; 2005). The pos
tulation of "an inherently ¢ al, viewpoint- based, relation
to the cantents of seusory conscicusness” (seet. 4.3, para. 2) is
unnecessary and does not accord with what Schopenhaner
(1819/1958) meant wheu he stated that the shb]eat us the
hearer of the world is in itsell unknowahle — that the knowing
and representing subject (the material underpinnings of the
realm ol conscious cxperience) cannct be found in the world
that is experienced {Behrendt 2006).

m is all thal
.

Subcortical consciousness: Implications for
fetal anesthesia and analgesia

DOT: 10.1017/50140525X07000945

Roland R. Brusseau® and George A. Mashourb

fof vative and Pain Medi Children's
//ow/ial Haruarcr M:d/ca( smoul Boston, MA 02115; Division of

tement exhihited by 'me'ncerh alic childven are not necessarily
nddicative of conseious expericnce and can only impress the
reductionist s “a w elﬂhl\' p\ece of evidence regarding their can-
scious status 7). They may be Ieu‘ud&d more par-
simoniously as automatic “molar” behayiour patterns represented
in mes(mLeuwphmlL structures und activated by suitable stimuli.
The fact that some putionts with damuge to the soiute cortex cau
vecognise or discriminate visual stimuli presented in their blind
visual feld b the absence of uwareness (blindsight) (Weiskrants
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Abstract: In this commentary we discnss the possibility of subrortical
consciousness and its nnpl;c'\tonc for fetal anesthesia and analgesia.
We review the neural development of structural and mncuoml elements
that may lnmnlmw it conseinus ropres a, with a particular foeus
on the experience of pain
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ed for consciousness? [f we adopl the view ol
) that consciousness in its most hasic form may
be considered “minimal awarcness” without a requircment lor
cogniiion, or organizatio :nphiﬂimlinn, then

a <'umpuﬂiug arguinent that subeortical stractures
arc both nceessary and suflicient. In this conlext Merker dis-
cusses the ethical adwinistration of anestbesia and analgesia to
children with hydranencephaly, us well as neonates. In an cra
in which prenatal interventions are increasingly commaon, such
ethical (uestions now apy sly to the dev dupmif fetus. I a fully
mature cortex is nol mqumﬁd {or cansciousness, al whal poinl
in development can the fetus potentially feal pain? Within
Merker’s paradigm, the possibilily of fetal pain depends on the
lopment of the sivuctiral and "Um‘n'on'ﬂ apparatus for sub-
al processing “to he fhe cnordinated,
subjeclive exporicnce of nocu‘cpuon then ™ pain” may serve as a
famctional surrogate for consciousness. Analysis of the develop-
went of pain Imt]v s way inform our understanding of the
strictural and tempomY de\,ehpweﬂf of conscionsness i twl‘

The first essential requiremnent for nociception and pain is the
presence o sensory rcvcplm‘s ich develop first in the perioral
areaataround 7 weeks gestation. From 11 w eeks, they develop in
the rest of the face and in the palmar surfaces ol the hands and
soles of the feet. By 20 weeks, they ave present throughout all
of the skin and nweossl surfces (Smith 1996). The nociceptive
apparatus is initially iny ol\ od in local reflex movements at the
spinal cord Tevel without supra-spinal integration. As these
roflex responses become more complex, they subsequenily
involve the brainstem, through which other responses, such as
increases in heart rate and blood pressure, ure wediated. Such
reflex respanses Lo noxious stimuli have nol been shown 1o
involve the cortex aud, thus, trudiionally have not been
thought to be available to conscious percoption (Myars &
Bulich 2005), Merker's arficle brings this into question.

Peufield aud Jasper (19: sugrest that cortical
struclures are al least in s ; The suheorlical sys-
tem — inchading the basal rumrvm medial thalamus, ventrolateral
thalamus, >ubxlanlla nigra, venlral \szcnta' arca, supcrior col-
liculus, median raphe, and the midhrain and pantine relicular
formation — docs not function * by itsclf alone, mdependent of
the corles : nent of various corlical
areus” { —T4; see taryet articl
soet. 2, pura. 7). Thercfore, if iutegrative thaluauic function is
necessary for nociceptive perception (i “pﬁin"} or any ather
higher-order sensory perception, it can st be until the thalano-
cortical connections are lormed and fumetional. The thalamus is
fivst identified in a primitive form at day 22 or 23 pos
conception, Ity connections grow out in phases, initially on
far as the intermadiate 7one of the cerebral wall, collecting
below the cortical plute. The neurons then advance further into
the cerchral hemispheres, eventually becoming localized into
their specific functional fields. The final thalamacortical connec-
tioms are thought to be in place by around 26 wee alth(mgh
csiimales dillor {Royal Callege of Obstelricians and Gynecolo-
gists 1997). In fact, the we thought to be transient Jhmnervu,
neurons with functioning synapses cnn*\ertmq the thalamus and
cortical plate from Appmﬂma.ﬁb 20 weeks (Kostovic & Rakic
19901, This point could be considered the absolute ear
time in gestation when a fatus could he aware of nociceptive
stimli.

The presence of clectrooncophalographic (EEG) activily
would suggest a degree of fimct ! maturity, in additon to
strctural ‘maturity, of noural sysloms mc(habug conscigusness.
While sporadic slectrical activity has heen detected in Xh? felal
brain as v as 43 days gestution {Ilolzman & Iick
morc coardinated cloctrical activity {in the form of intermittenl
bursts) has been show to be present in the brainstem from L2
weeks, und the corebral hmmxphcl(s at 20 w
Bulich 2005}, Before 25 weeks, the electri A

. Lowever

1
Iy
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to 8 minutes and hursts of activity o OHIVZ” seconds (accounling
‘ % of the total ime}. From 23 t6 20 weeks, the periods of
crcase, such thal by 30 weeks allhouzh LEG aclivily is
still ‘ml conlinucus, distinel patterns of w s and c\?s\p
can he recogni as the precursors of adult patterns. These
s concordant wilh hchavioral slale; over the next
fw weeks, however, the degree of concordunce nproves
{s N‘Jgr B\ 31 \"cl\s, clectrical activity s scen

=

\lhough current studies cannol provide direct evidence of
(nm‘ consciousness, they da suggest that the vequired nenral pro-
cossing architocture may be in place and funclional. I we arc to
accepi: that hy approximately 20 weeks the vequisite neural sub-
strate of conscionsuess (0., the thalanms and assoc
tical structurcs) and ils proper conncctions arc in place and
acconpani by a coordinuting TEC rhytlan {even if only inter-
mittently), what can we say about the heginning monents of fotal
conscionsness? Again, it would seem that wa can conclude that
consviousness is at least possible from this poiut forward in
fetal development. If a =t threshold for continuons
KEG activity is vequived, then it would appear that hy 30
weeks gestalion, whon patlerns consistoni with wakefulness and
sleep may he discriminated, consciousness is at least possible.

TF we accept thut a subeortical con ix possible by 2
wocks (or, more conservalively, 30 wecks), then it alse would
uppear p V)U\suﬂe that fetuses could experience sotething approxi-
maling “pain.” Swrely, the ccmplm bcha\ riaral responscs scen in
venlila[ec neocnales re the exlernal appearance af pain, but
becanse we currently have no metric with which t make s
# delerminalion, we eannot know this with an
mere possibility of consciousness anel an expetience of pain —
however rudimentary — would mundate u provision of appropri-
ate anesthesia and analgesia. Merker would appear to agree, as
the evidence surveyed m hn artic s 1o sapport for con-
sciousness as an function. Ralher, he
implies that Q‘lh(‘\’)"’h("ﬂ shructures may he necessary and suffi-
cient lo generale consciousness and, lhuvfor(‘, a rudimentary
experience of pain. As such, his challenge to the de cal commii-
nity has significant ramifications for mo dical cthi
[ lotal ancsihesia and analgesia.

cioustiess
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Consciousness without a cortex, but what
kind of consciousness is this?
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Abstract: Merker suggests that the thalamorortical system is nat an
nidbrain reticn-
lar systern is responsible for consciousness. Indeed, the latter is a
system for conscionsness, when conscionsa g g
. However. when consciousness is regarder as phen menal con-
scicusness, for which experience and perception ave essential elements,
the thalamacortical system seems to be indispensable.

essential systern for consciousness, but, instead, that the

&

Structures iu the upper brainstem mediate couscivnsness by acti-
valion and arausal of the entive thalamacortical system, i

3
=4
?

formation becomes active, the aclivity in the thalamocortical
laops rise, tagether with an opening of the sensory channels. A

stroamn of information from the outside world dows to the

higher brain cen and is perecived. Numerous ncuronal
2

systetns start to process and integrate this information and the

»
b
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activity ol myriads of neurons fiving in the tonic mode is
expressed in consciousness, a sort of neural orchestra. It is a
comman assumption thal the ncuronal basis of consciousncss
results [rom the interactive processes hietween the brain siem
reticular formation and the thalamocortical systemn {Cocnen

1

drops undn a u 1, un inhibi
active and starts to mhvh‘t the th'\hmn(mh(‘m neurong Iheﬁ,
these neurons are tied tnv'e'msl by the inhibitory iuterneurons
and dischargs me‘gum ;in a hurst -pavse made. Slow w
sleep is the resn't Becanse of “thalamic gating,” sensory infor-
mation is Iaxgcl blocked during sleep and information proces-
sing is at a low level. Perceplive processes are minimal and
consciousness is afso at a Vow level {(Coenan 1808} The intar-
action between the mkdbx in reticular formation, the nonspeeific
diencephialic nuclei und the thalamocortical systeni seems to
i duriug sleep and the low con-

mtrol the hivh conscionsn
sciousness during sfow-wave sleep

e epilepsy is u fornt of non-convulsive spilepsy, ocen-
ring in children as well as in animals. The basic characleristic of
rhu type of epilepsy is the reduction in responsiveness and con-
sciousiess, associated with spiko-wave discharges in the clectro-
encephalogram. The “centrencephalic™ theory suggests that
these aberrant brain discharges originate from a deey
intrathalamic pacemaker extending to the midbrain reticular for-
mation ’Penﬁe‘d & Jasper 1954), whereas recent research paints
towards a promincal role for the cartex in this process (Mecren
el al. 2005). Absence seizures are characierized by lapses in con-
seiouss wnd a luck of response towards external stimuli.
Absence seizures share many similaritics with slow-wave slecp
{Coenen 1999). Already mentioned is the reduction in constious-
ness und the unresponsiveness to sensory stitnulation. Despite
the reduction in responsiveness, hoth states can he terminated
by strong stimuli. Another correspandence is that unconscious
stimulus evalualion still seems possible. Relevant stimuli can ter-
minate both slow-wave sleep and ahsence attacks move easily
than neutral stimuli. This also shows thal some conseiousness is
still present during hoth states. Presumahly, all phenomena can
be related o the underlying nearanal mechanisms. In both the
sleep state and the absonce siate, newrons arc firing in the
“burst firing” mode. A difference is the regalar and \pﬂ\\ charac-
tor of the xp' -wave discharges, which could be s result of the
even stronger burst firing Tnade during absences {Coenen
1895). The nidbrain reticalar formation is inhibited in both
stales, which implies a reduction in consciousness. A firm con-
clusion is inevitahle: an active midbrain reticular system is a
necessary condition for consciousuess. This agrees well with
the conclusion of Mes
But what s the rol vstern in conscious-
ncss and can consciousness cx ithout the thalamocortical
system? These are the intrigning questions faced hy Merier,
e concludes that the thaluiocortioal systen cannot alone be
regarded as “the organ of consciousness”; inslead, il is lic “con-
trenwphzbic svstern” or widbrain reticular system that seemns o
play main fiddle in conscicusness. Or in Merker's own words
“hrainstem mechanisms are integral to the constitution of the
couscious state” znd “neural mechanisin of conscions hm(t\on
cannot be confined to the thalamacortical complex alone”
{target article, Abstract). One of the ceutral questions,
however, is what Merker means b} consciousness. Despile
several explanations, the meaning of this hard to define and dif-
ficult concept is not clear 1o all. Zeman (20013, in his exiensive
review, distinguishes from among the eight meanings of con-
o princiy 1 13 The first is,

as the waking slate” and the second is, “cons
ence.” Consciousuess in the first sense is the behavioral
exprossion of the waking state. Being couscious in that sensc is
synanymans to heing alert and awake. The second sense of con-
. however, Tefers to becoming aware of something and

UHSCIOUSTIESS

sciousne:
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to experience something, which is often called “phenomenal con-
seiousness” (Block 19931, The essence of phenomenal conscions-
ness is inexiricahly bound up with cxpericnce and pclorplwu for
ich the thalamocortical syslem is mainly responsible. Philo
phers often use the tenn “qualis i i
dimensions of experience and pereeplion. Consciousness in the
first meaning {(couscionsiess as the waking state), is iu this view
u necessary eondition for consciousness in the second sense (con-
s ss as experience or phenomenal conscionsness)

Goiny, back to the meunings of couscionsness i the interaction
of the midbrain reticular and thalamacortical systems, the lollow-
ing picture emerges. The midhrain veticular system takes care of
“aKC[lthCQS and arausal, it brings the thalamocartical systom into
a stale > [or exparience and perceplion, Weqﬂmg t the
processing and integration of information, wud thus to cons
ness in mc sceond sense. The midbrain reticular systom acts as
the medimu for phenomenal consciousness. Tt fors the
engine of the car, while the vehicle itself {the thalamocortical
system] is necessary for driving the car. Hence, I agree with
Merker's view that consciousness can exist without a cortex,

nd at the same time | disagree with Merker's view that con-
ousness can exist without a cortex. [t depenils on the type of

iousn

condy aeiv

consciousncss. Waking cansciousnoss is passible with the mid-
is

brain reticular system alone, but phenomenal conscionsnes
not passible without the thalamocortical systern. Two ints
>V51Cm€ are nceessary for con asciousness: the midbrain
for wakin ¢ and vigilance (the engine), and the thulamocortic
system fm pclccpllcm and cxpericnce {the vehicle). That children
hout a corlex may experience some phenomenal conscious-
ness, might be explained by the fact that parts of the extensive
thalamoeontical system are still functional.

Do multiple cortical-subcortical interactions
support different aspects of consciousness?

DO 10,1017 /50140525X0700096Y
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Ahstract: Merker’s core idea, that the experience of being conscious
reflects the interactions of acticns, targets, and motivatons in the
upper brainstem, with cortex providing the content of the conscious
axperienc i ious consideration. However, we have btan areas
ol coucers: consciousness is so broad that it
is difficult to find any oxy E ain that muh be non-conscions;
second, that the focus on one cortical—subeort
systomns (¢ g basal lorcheain and brainstem cholinergi
cortical and thalamic target aveas) which may be of
significance.

stems and their
at least equal

Bjorn Merker has to he admired for entering the debate on the
guestion of the location of consciousness with the bold asserdon
that the cartex is not essential. His core proposal, that the experi-
ence of being conscious reflects the interactions of systems sap-
porling aclicns, targets, and motivations in the upper brainstem,
with cortex providing the content of the conscions experience, is
novel. It scoms highly likely that upper brainstem svsiems p
jecting lo the mpe ior colliculus are important Fﬂmp-ﬂ‘]PHli aof
integrative networ! ke that support cons:
owever, we arguc Lhat they are neither quile so critical nor as
anigue as Le sugpests.

One arct of concern is that Merker's use of the term “con-
s too hroad to al wn\x a ('e;xr fnma on specific brai
ureus. The deﬁnmun of cot tate o1 activity

ousness i nnnals.

sciousness
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that is characterized by sensalion, emotion, volition, or thought”
{sect. 1) could include, in its most hasic sensatian form, rec
processing, and responding to any environmental signal or in
malion. Such a definition is applicable not only to mammals, but
also to most unimals with o cerebrum, no matter how differeut
[rom humans {Edelman ot al. 2005). Innumerable nonliving
wechanisims wight also fit the bill
ueh a very broud use of the term * dousness” both under-
mines Merker's use of mammalian evolutionary homologies to
support his localisation in the brainstemn and weakens the itport-
nee of his evidence from children bam without a cortex. W
entively agres on the need to see sach child’s individual capahifi-
lics and nol draw conclusions fram diagnostic labels. However,
his scienlific case would he strengthened il he could show thal
theve was no velationship hetween variations in conse
and rc<idual amounts of cortex. The more restricted usc of the
termn “consciousness” thiat he later seetus to favour, mvolving sab-
jeetive awareness (more analogous to solf awareness in Morin's
2006 taxonomy), may localise to a smaller range of neurohiolagi-
cal structures.

Morker uses cvidenee of consciousness in the absenec of
n rats and children to argue that brainstem shuctures

primary  importance o the  conscious cxparicnce.
this data is also consistent with consciousness heing
of a resilient distributed network  (or
network of nelworks). Arguing against a single consciousncss
tem, damage in restricted Ln"ur areas — for example, from
{Ga dchm & Simel 2005}, pmwdcd arousal not
g impaired — rarely abolishes consciousness enlirely,
though it ey well fimit the areas t which it can be applic‘d
Thus, unilateral spatis] ncﬂlc"l.rsccl .1) suggests Lhal conscious-
ness can he fractiouated, at least in space, and perhaps in
modality.

In order for upper hrainstem systems to he especially relevant
within these nebworks, Merker would have to show that lesions
ithin the superior colliculus, for example, have profound
effects on consciousness. However, collicular lesions generally
impair oricnting rather than consciousness {sccl. 4.5, sco also
Burnell et al. 20043, and the gross disturbances in cons
common sfter brainstent strokes are duc to the disruption of the
ascending cholinergic and other projections, which we discuss
farther on

The n(,nrupdthuw]g\ of discuse

ousness

arc ol

neu:

ISNess

that dishurb consciousne:

provide important insights. Parkinson’s disease (P13) with its veYa—
ss basal

tivelv specific nig dnpmmnt‘rglc foss, which leads to ¢
ganglia dyslimetion, can test the role of the hasal
the superior colliculiss within his model. Patholo:
does | es (Basso et al 1996) and, con-
sistent with Merker's hypothesis, visual hallucinations (a disorder
of the content of consciousness), wad disterbed drewn content
and behaviour accur in P, as well {Olson ot al. 2000; Onolxj
et al. 2006). {We consider that dreaming is a normal state of
altered consviousness). Mowever, such disorders of conscious
ness are oven more closcly associated with the related disorder,
Dernentia with Lewy Bodies (DLB; Boeve et al. 2004; Collerton
atal. 2005). Additionally, the fluctuating hasal ganglia function in
P leads primarily to Hu(‘hmhﬂg mator symptoms {Denny &
Belari 1999); not to the fuctuations in conscionsness that are
seen in 13LB (Bradshaw et al. 2004; Walker et al. 20000, Pathol-
ogy in DLB extends far beyond Merker's brainsten syster, and
includes clinically relevant disturbances in cholinergic systems
(Fujishiro et al. 2006; Lippa et al. 1999; Perry et al. 199
Tirabosei ct al. 2002 Ziabrova ot al. 2006), which may also be
important in conscious experien

The busal forebrain (h(xlmelgu
jections o GABA and luiamale neuronal networks in’ the
cortex and thalamic regions, and its role in both tonic and
phasic activation via spocific nicotinie und mmscarinie recoptor
mhfype: is, conjunction with clm?iﬁergic prnje(‘ﬁom from
the brainstern to key ureus such as thalumus and substantia

1 to eye-blink abnorma

steri, with its vuultlpw pro-
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nigra, a candidate integralive machanism mderpinning the
emergence of consclousness from umconscions mental activity
{Pexry ct al. 1999).

Dreaming and anaesthesia alse support a ceniral rale for the
interaction of cholinergic projections and cortical target arcas
in modulaling conscious awarencss. Between sleop (non-REM
und REM)) aud waldng, alterations in busal forebrain cholinergic
aetivity correlate thh concornitant chdAg( s in conseionsuess, 1o a
oreater extent than in manoaminergic and ather systems (Perry &
Piggrott 20000, Amony dmg-induced changes in consciousness,
mechanisms of general anaesthetic-induced distupticn of the
effective connectivity and integrative pracesses required for con-
sciousness is considered likely to provide insights into noural cor-
relates o consciousness (Mashour Z006). 1€ is well established
that neuronal nicotinic acetylcholine ree opars ure particn
sensilive 1o inhalational anacsithetics (Rada ot al. 2003). Far
examnple, isoflurane, sevollurane, snd halothune potently block
the 152 nicatinic subtype (Yumashita ot ul. 2003). Alterations
in the same nicotinic receptor subtype in temporal cortex and
thalurmus are related to disturbances in conscionsness i DLB
Aml ot al. 2002; Ray ct al. 2004; Pimlott ct al. 2606)

Ve have argued that hrainstem anel basal forehrain cholinergic
projcclicns 1o the ventral visual stream, lateral [rontal cortex, and
connecting structres (Collerton et al. 2005, Fig. 7) form a dis-
tributed systern for conscious visual processing (Coilerton et al

3}. Dyslunctional conscious awarcnoss ~ visual hallu-
cinations — can result from subeortical cholinergic dysfunction
incarreetly modulaling the balance belween  iop-dewn and
bollom-up processing within the cortex. The disturbance
in this case, therefore lies within a cortical—subcortical systea
distinet {rom that deseribed by Merker

Consistent with 4 cholinergic component of consdousuess and
the sugyestion that Morker's systen is one anong many support-
ing conscinusness, not only the suparior colliculis hut other key
“hub” feentral station areas in the brain that collect a mnItiph, ty
of afferents from and distribute efferents o essential areas such
as brainstem, thalamus. or cortex {eg, interpeduncular
nuelous, many thalamic nuelei, in particular the latcral genicu-
Taie, the substantia nigra pars compacta, and the septum, subicu-
fum, and purahippocampal gyrus) are relatively very high in
nicolinic rccoplors; ospecially a4f2 (Han ot al. 2003; For: v &
Kellar 1995, Perry et al 1993: 1995; Spurden ot al,
which facilitates GABA inhibition {Budo ot al. 2005).
We therelore conclude that Morker has nol quite madc his
case that the cortex is inessential i conscious experience, but
that he has very helpfully provided a new lncus on the need to
incorporate suhcortical mechanisms as well

Pain, cortex, and consciousness
101 101617 /S0140323X0T000970

Marshall Devor

Depariment of Cafl and Animal Biclagy, insiitute of Life Gciences and Center for
HResearch on Pain, Hebrew University of Jarusalem, Jerusaler, 97904, lsraei.
marshiu@vms. hyji.ac.il

Ahstract: Painful stimuli evoke functional activations in the cortex, but
electrical stimnlation of these areas does not evoke pain sensation, nor
dees widespread epileptic discharge. Likewise, cortical lesions do not
eliminate pain sensation. Although the cortex may contribute to pain
modulation, the plaming of escape responses, and leaming, the
wt constituics the s nee of pain probably

network aet i
oceurs subcoriically

Pain is a sensory and emotional quality e nead hy a con-
scious brain. Thore has nover been much doubl that the path-
ys leading Lo pain perception, like all other conscious
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experience, end in the cerebral corlex. Howsver, closer consider-
ation of this dogma raises some perplexing questions.
Micraclectrode recordings in animals, and noninvasive fune-
tional imaging in humans, show excitations in many hrain areas
following pain-provaking stitlation of the skin and internal
argans {Poyron cl al. 2000). These include siructures long
known as key parts of the somatosensory systew, such as the thal-
amic nuclel VPL-VPM and S1 and S2 cortex, us woll as areas not
classically thought of as somatosensory processors, such as the
cerebellar cortes and the corpus stristorn. Curiously, the most
robust and reliable cortical activations aceur nol in 81 and §
but in limbic cortical areas, inchuding the anterior cingulate
cortex C) and the posterior insular corlex. Noxious stimu-
Tation of different argans — skin versus viscera, for example —
reveal different if overlapping patterns of cortical activation,
appropriate Lo the dillerent “Tecls” evoked. Morcover, these
cortical activations, particularly in ACC, truck reported pain
unpleasanmess and not the intensity of the applied stimulus
when the two are dissociated by manipulations such as placeho
and hvpuotic suggestion {(Raiuville et al. 1997; Strigo et ul. 2003}
Allof these ohservations arc as expecled of a cariical pain ana-
Iyzer. However, other observations are not as expented ”1(‘ most
important is that dircet clectrical stimulation of the cortical con-
sexity, including areas activated by painful stimuli, almost never
avakes a report of pain in awake patients {Libet 1973; Peufielc
Rasmussen 1955). Likewisc, [or lranscranial magnclic siimu-
Tation {TMS). This contrasts with stimulation of cortical areas
associalod with vision, hearing, smell, and {non-painful} Loud]
which readi pis. 1t may be
argued that the structures sensation are
Duncd in the mid-sagittal { ) an sulel {insula) and
are Lurd to acess by swrface stimlation. A related explanation
is that unlike the other senses, wmltiple cortical arcas wust be
activated simultaneously to evoke a sensation of pain. However,
in epileptic seiwires cortical discharye is frequently widespread
and inciudes, indeed often favors, these buried limbic carfices.
Nonetheless, it is very rave for epilepsy to mxlude auras that
are painful (Nair ot al. 20013 A recent report of pain ovoked in
a small number of epileptic patients by depth elecirodes on the
insalar cortex is a potential cxception (Mazeola ot al. 2006).
However, it has been shown that direel stimulation of the
weninges aud blood vessels that overly the insular cortex
evokes puin seosation (Percirs ot al. 2005). These structures
have rich noniceptive innervation from ‘hﬂ t‘nﬂ@mm'ﬂ ganglion
Thus, the claim that pain is evoked |
depth electrades may he confounded h mad‘rrrlem simul-
taneons stimulation of local non-nenral tissues. That is, the
reports of paiu on insular stimulation may not actually be due
to activation of the insular corter. Note rhwf in contrast to
the cartex, puin is readily evoked by focal weloctrode)
stimulalion in corlain arcas of the thalamus and brainstom
{Postrovsky 2000).
Another retort sometimes given in responsc ta the ynestion of
why cartical sumulauon is 50 rarcly p"unlul is Lhat pain is comples
and s ultply ILI:N*S&UL&"J in the L,(‘](,bru.l hemispheres. As a
consequenca, unlike vision, hearing, smell, and touch, to evoke
pain by cortical stimulation would requive precisely patterned
i y locations. This condition is
neither met hy Pmlﬁeld—tﬂ'pe stimulation experiments, nor is it
fonnd in wataral seizures. However, if evoking a pain percept
requires such precise, complex, and nceessar Imf!ﬂc palterning
of activity, then disruption of the pain network at any of numer-
ous loci ollr!h 6] chmmalc lhc abih of n'alufal stimuli to cvoke
ive during
ulgesia.
On khc r:ontraxj' conical strakes are ofien followed by chronic
neuropathiv post-stroke pain {Boivie et al. 1959). Lesions in cor-
tieul areas thought to subserve vision, hcmmg, smell, and touch
do not hehave in this way. Patients with largs Iecmm in the
primary visual cortex, for exanple, are perceptu

arouses the corresponding pe:
1elkmmt for

{Tutic

bilind,
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although they may have some residual visually guided function.
Why, then, do large lesions in the somatosensory areas of the
COTICK, OF any cortical region lor thal maller, nol reader pooplc
“Blind™ 1o noxious stimuli, thal is, make them pain-lree?

These observations demand that one at Teast consider the
possibility that the ncural computalions thal generale pain
experience play out subcortically rather than in the cerebral
tainly, focal clectrical xtlmnmmn at many subcortical
sites, from the spinal cord tn the thalamus, is able to provoke pain
sensution. Patients with lesious in the nyht parietal cortex some-
times show sensary neglect, denying that a body part (arm, leg}
belongs to them. However, noxious stimulation of the denied
limb cvokes normal wincing, autonomic responscs, and withdra-
wal. Pain is experienced and acknowledged, but is missir
location in the b hema Finally, people with massive cort
losions thal qualily them for the diagnosis “porsisient
state,” anencephalic children, and decorticated animals, all
show organized, adaptive “nocifensive” behaviar in response to
noxious stimuli. Trae, such hehavior, in itself, does not ProVe
that the noxious stimulus bus been experienced as pain by a con-
scions hrain es that the novious stimulus has heen
gistered and basic daptive motor sequences have heen gener-
ated in response. Nonctheless, in light of the possibilic that pain
perception daes not require cortical function, a decision to end
the lite of & vegetative patient onght to be carried out painlessty
E ng agenl, rather Lh'm by wiihtholding hlc supporL
and condenming “the patient to a n outh or more of starvation.

Corticothalamic necessity, qualia, and
consciousness
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Ahsi
aceount for some evidence from both brain damaged and ronmll\ fune-
tioning hurmans that strongls
tial fur comsciousness. Moreow
to implicate consciousness need more (levelomn—“‘n‘ as. heml S b sing
somewhat vague, they load t some apparent contradictions in the attri-
buticn of conscionsness.

ract: The centrencephalic theory of conscionsness cannot yot

er,

ker has done an

Me ent job of bringing the centrencephalic
praposal of Penlicld and Jasper up to date. We wish (o sharpen
the contrast between Merker's upduted proposal und the propo-
sal that the thalamocortical systew, instead, constitates the
fundamental neural substrate of conscinusness. The possihilities
regurding the Tespety of the mesodiencephalic systemn
described by Merker and th"uamn(mhr Al system are three:
either one, or the other, or hoth are necessary and sufficient
Jor the existence of the conscious slate. In this commentary we
adumbrate evidence that the thalamocortical system is necessar
il not sufficient, for conscious awarcness as expericnecd I
humans. These data are dilficult to account for in the mesodien-
ephalic proposal, as are, in turn, some data d; ed by Merker
he thalamocortical proposal. An unsalisfying but reasonable
nclusion is that boths systemns play crucial toles iu the geuer-
ation of the conscious state.

Merker argues for the existence of consciousness in humans
without a cerebral cortes, at least partly, on the busis of the beha-
viar of hydranencephalic children wha “are not only awake and
often alert, but show responsiveness ta their surroundings in
the form of cmotional or oricniing reactions to covironmental

for
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events [.. express pleasure by smiling and Taughter, and
aversion by “fussin . and show preferences for certain
alions and stimuli aver others” {target article, scet. 5, para. 6).
Farlier, the eubomedusa is noas an P\'ﬂmp’ﬁ of a species
that (Au")(,t POSSUSS COIUSCIOUSILE s because of its \mxpuxtl
non-cephalized, norvous system a‘cmlcchuc Cubomedusa, like
cther even simpler vrganiss such as C elegans (e, Rankin
should di'sp;d\ respansiveness  to external - stinuli,
approach and aversion, and conditioned preferences for certain
stimuli aud situations (although many of these experiments
appear not 1o have been done Im cubamedusa). [t does display
coordinated mating and hinting hehavior as well as avoidance
of particular ohstacles (e.g., Coates 2003). I the cubomedusa
ean display such behaviors without consciousness, then so,
perhaps, can hydranencephalic humans
, it has been plopovcd that the nerve ring that con-
nects ganglia near the eyes and swinuming effectors in the cubo-
wodusa serves to fntegrate visual information for aetion in the
most effective way for a r;\dm”y symmetric organism {Coates
2003). If behaviors such us those listed earlier indicate the
capacily {or conscious e pcu(‘ncv and given its nerve ring mech-
anism fo provide nevral integration, it seems possible that sven
ihe cubomedusa cxperiences its visual eavironment in a crude
and primitive Thus, cephalization might not he necess
for conscions experionce

Neithor of these conclusions is particularly palatabic, although
each is reasonable and potentially correct. The difficnlty in
[inding uscful behavioral indicalors underscores Lhe imporiance
of centering our inquest into the neural correlates of canscious-
ness where we cun be most certain about whether consciousness
is present, namely, in ncurologically normal adull humans or in
I subjects in whicl: brain denage has resalted iz a reporta
ble loss of conscdousness. Disorders of swarcness roveal sore
inconsistencies with the mesodiencephalic theory of conscious-
ness that need to be wecounted for. Cousider, for example, corti-
cal blindness, or “hlindsight,” which is a lass of visual awareness
induced by damage to the striate cortex. Residual nonconscious
visual functions in blindsight have been ativibuted ta the su ipevior
colliculus and its inputs © the cortex (Leh et al. 2006). Hence, in
otherwise normally conscions hinmns, it scoms thut the \ixuul
and other inlormation that is integrated in the superior colliculus
is not consciously availuble. The Sprague effect does not resolve
this issue, becunse what is recovered are subcortically medisted
orienting responses simifar to those demonstrated in h\mdwgl\t
Thus, )hu(lswht and similar pathologies (e, cortical deafness]
constitule evidence for an apparent: reliance o af conscious experi-
ence on processing in the corticothalamic system

A central tenet of the midbrain theory of consciousness is that,
within the midbrain, a “winner take all” system exists, therehy
accomnting for the dynumic and inteprated/unified stream of
conseiousncss, furnished with the most salicnt perceplual and
motor information. One prohlem with this idea is that the
neurdl representations in the midbrain network do not possess
the detail characteristic of human cxperience. Clear examples
cun be taken from the (ualia of vision. Only in the cortex do rep-
resentations possess sufficient definition in terms of form,
motinn, color, and prm'xl resoltion to account for human
qualia. Indeed, the complexity and integrution inherent to p
cessing in the thalamacortical system has heen proposad to he
esseutial for couscionsness ‘T(J'mm 2004; Touoni & Edelinun
1894}, Deoscending allerents Lo the supericr colliculus result in
representations in which sufficient information reduction has
cccurred e make them inconsisient with the fine grain of our
experience. Although midbrain systems could be sulficient for a
crude and primitive form of consciousness, it is unclear how
this system could account for the cveryday consciousness of
adult humans. Dues the corticothalanic system “take over” as
the seat of cousciousness in normal adults? Docs the scat of
consciousness now extend to a larger section of the brain? Are
the various representation levels overlaid upon oue another,

versely
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a

lhe mast delai level experienced. as proposed by

E e the Spragne effect in relation to hlindsight
1Lc3n<1dmcd as whal is not recovered are funclions
presentations characteristic of
i such as pattern e ition {Loap & Sherman 1877

Morcover, as much eortical activity is nol oxpcx‘lcnoc&, there
also must be a “winner tuke all” network in the cortex. Truusient
large-seale networks of synchronous neuronal os i
‘pmf\r‘ as being a mechanism that underlies feature binding in
sensory awareness (Bngel & Singer 2001}, could also l)p’rmt@ o
select a subset of cortical activity for inlegration into a conscious
representation (Varela et al 001 Snrﬁ a network could be
responsible lor cxcluding V1 activity, for example, from dircel
experience (e.g., Rees et al. 2002). Furthermore, disturhances
of the thalawocortical rhythms characteristic of conscions CNS
(contral nervous sysiom) states lead ta the abolition or alicration
i as seen in cotn, general anesthetics, schico-
phrenia, und cpilepsy (Steriade ot al. 1990}, Such duta need
to be accounted for if midhrain struchives arve to sapplant, or
to join, the corticothalaniic system as the primary candidates
for the biological substrate of conscionsness.

shauld be

requiring the more delailed

Consciousness without corticocentrism:
Beating an evolutionary path
DOL: 10.1017/80140523X07000594

David B. Edelman
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Abstract; Merker's approach aliows the lormulation of an evolutionary
view of conscinusness that abandens 2 dependonce o structural Tomolo-

functional

— in this case, the prosence of acercbral cortox — in

kX
cancordance. 1n conirast 16 Morker though, 1 maintain that the emer-

dynamic interactions, such as those which oceur
ateal to the appearance of

gence of complex,

cartex, was

betwoen thal

CONFEIOUINCES

In the target article, Verker Fhrﬂe“ws‘c the pervasive view of the
carebral cortex as necessary for cor usness, and in doing so,
beals a path towards a view of consciousncss thal makes sense
from an evolntionary pe* spectivi Merker’s arguments  ar
grounded primarily in detailed snatomical and physialogical
Obsuwauons. as well as clinical studics and first-hand obser-
vations of anencephalic children, and there is a strain in his per-
speetive that is deeply consanant with a modern evolutionary
view of nervons system form and function. But he resists the
notion that complex inter-areal dyvimics in the nervous systew
were a necessary hasis for m(‘qﬂent consciousness. In contrast,
T maintain Hmt (nmp\é\\ dynamm interactions — such as, hut
not Hmited to, those arising in thalamocortical cireuitry — were
central to the emergence of the conscious process.

Like Merker, I beliove thal conscisusness may noi be contin-
gont upon the particular anatomy of the corchral cort >
pr')bubﬂit thut some birds are conscions {see Butler & Cotterill

2006, Edclman ct al. 2003 su; gosts that differently organi
brain nuclei, with perhaps less weli-defined lamina than mamma-
lian cortex, are up to the task of sensory integration and inter-
action with thalamic nuclei, theveby viel g conscious states
(uotwithstanding the sugpestion that the aviun »\mat is acortical
homalog, a notion that remains controversial; sce Karten 1997)
it consciousmes: emerged independently in rhe avian and mam-
nmlum Iines {or iu their reptilic

volved the elahoralion of qdlle diflerent siructures wnmg
(df"\hr'ﬂ functions. The centrencephalic system, sensu stricto,
may not he necessary for conscious stales. Morcover, inverl-
ebrate species, such as the cephalopod molluses, with nervous
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syslems that are radically differenl in their organizalion than
thase of vertehrates, may well have some form of primary con-
seiousness {Mather, in press). Alihough this idea remains woe-
fully untested, il neverthel ms clear that neural
struetures with difforent evolutionary histories and developmen-
tal trajectorics may subserve similar [unctions, inclu ding the
nic interactions underlying conscious states.

In general, biological structures wnd their particular functions
do not emerge entirely de noto in the conrse of evolution. Rather,
naturdl selection shapes, or retrofits, what is already on hand.
Hence, altheugh the appearance of a cortical mantle certainly
entiched the contents of conscionsness, it did not necessari
mark the emergence ol incipient consciousne:
lineage, a certain funclion may predale the appearance of a strue-
ture which, in memhers of an extant spe« has come to he
assacialed with it. The new, or modilied, struclure may cither
have become part of u preexisting “circuit” serving this anci
function or simply co-opted the function entirely. Morcover,
struchiral and finetional convergences are not at all rave in the

se

v

evolationary histories of c(Jmplm animals. Given what we can
surmise m  breadly comparaiive analomical ;ludics of
present-day C'pec . this seems to have heen partienfarfy trie

du)mf‘ the evolution of (he norvous system and ils assoeiatcd
sensory modalities. The oft-cited compound eve, w probably
appeared o mmnher of times independently i different
cvolutionary lincages (Oakley & Cu mvwham 2002; but sec
), is an example of the Tatter.! The 1p‘p'1r9nt conver-
L architeclures (i.c., laminar struclure) and physiologies fi.c.,
binocular vision} of the so-called avian wulst and mammalian
dedina & Reiner, 2004; Reiner et al. 2005) may be
> of the former. Surv idence [rom anals omica“
ical, and behavioral stmhe'« uy colleagnes and 1 nnu\e*
this argmnent in 4 recont paper {Ede nian ot al.
¥ resmiraction and  substantive revitalization of
Peufield aud Jusper's (1951) “centrencephalic” hypothesis pro-
vides a novel anti-corticocentric view of consciousness. However,
{ disagree with his premise that elaboration of complex functional
cireuilyy was not eritical lor the cmergoner of cansciousness. The
Cenlmm‘&yha}lc system appears to be the sile of quile r‘omp‘m(
dynumic interactions  hetween  asconding  {or  attentional)
syslems, a I'C]a\' lacus, and integration (‘C lm‘s In iwo recont
papers (Edelwan ot al. 2005; Soth et al 50, my colleagues
and T suggest that a sing qua non of mammalisn conscionsness
 he the dynamic interaction hetween thalamus and cortex,
anidea first expre: ¢ Edelman aud Tononi (2000] in th
“dynamic core h)pr}lhevm nearly a decade ago. But, I will
allow that, although reentrant thafamacortical | loops may he the
fanctional core of mapnmalia consciouszie theoreticully
neither cortex and thalamus, nor their undevlying architectures,
are necessary for conscions states. What consciousness requires,
it scems, arc richl;' and reenirantly connceted structures that
support essential Hy the same functional interactions as thalamus
and corte
In making the easc for consciousness in ancncephalic children,
T cites one published account documen mng the ay
of four hydrancnecphalic children in which the authors conclud
that all four childven are conscious by the criteria of a standard
neurological examination {Shewmon et ol 1999)2 Tle also
reports his frst-hand i impressions of the behavior of anencephalic
d;ll&llﬂL as well us observatious gleaned from the reports of
ancncophalic  children. O these  obscrvations,
perhaps most intriguing are reports that these children have s
zures of abscnee cpﬂ . In the casc of ancncrpha ic children,
thaugh, it is difficult to deiermine whether these individuals
are conscions. Apart from limited behavioral meuns {(obviously,
no accurate vorbal roport is possiblel, there is litle that can be
done to test for consdous states. Collectively, Merker's accounts
uuk the weight of evidence. This anatowical sketch of the counce-
s hetween midhrain structures, including the hypothalamus,
periaqueductal pray, and superior colliculus, might suggest

™3
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a neural subsirale fully capable of complex integration of action
nd motiv ion of a detailed internal
orld” map. Morcover, the absence of vast radial migrations
of cartieal ¢ nze'rlmr cells dmmv *.Pumg?reﬁm {as musl be lha
case In ancncephalie anbryvos) mwht allow further claboration
ol otherwise de cper, subcor u SlLU(‘lulCS. But these prospects
reniain wverified aud Jittle explored.

The evolutionary implications of conscious stures in anitals
that lack a cevebral cortex ave ripe for exploration. Marker has
nrade an intriguing foray into this realm, but muel territory
remains uncharted; an exciting prospact indeed.
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i tingly, certain regulatory gene: at e important in the
cification and patterming of siruetu as oyos and, indeed, large p

tons o nervous s{xswms and
across invertebrate and vert xa. This insight, w} ich emerged
shortly after the discovery of the first howeotie, or hoy, gones, is all the
v tantalizing heeause the smae hox genes exprossed in representatives
sparate b have often hoen formd fo indnce fissues of quite differont
whryomic ariging to fonn (uactionally homelogons during
Tapracat {Carroll o al. 2007}

2. According to Merker, this is “the only published account based
upem an assessment ... under near sptimal ronditions” (arget article,
sect. 5, para. 4]

plans, are widely co r-m:\

ructures

Roles of allocortex and cenirencephalon in
intentionality and consciousness
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Abstract: “Decortication” does not distinguish between removing all cer-
chral cartex, inclding thror-lay
cortex. Functional decortication,
suppresses cnly neocorts
All Tarenain structures except 2 hypothalamic > Blocks a1 infear-
tional bhaviors, leaving only topisms. To what extent do Marker's
anples tetain allocortex, and how might such rosidnes affect his
intorprofations?

Tagored noo-
ibly
Removal of

ored allctes or just s

In considering the nature and [unctions of corchbral corlex, par-
i as distined it is usetul to di
ce-layered allocort
{Mounteastle 1974, p. 232) is (‘(‘;ﬂWl’ﬂOﬂ to all vertebrate hrains
i chicortex \,HPI)\')(.(A]UI)H paleacortex (prepyrif
an amygdaloid cortices), and the Taminated ﬂmlmpﬂ of the
olfactory bl h, though inclusion of the latter as “cortex” is contr
versial {Braitenberg and & Schiiz 1999). Six-lavered ncocorles is
found only in mammals, with transitional forms in marsupials:
its well-known variants arc dislinguished by inpul-culput
conncetions and cyloarchitcclures {c.g., Bradmann 1908)
Amethod for chetnical decorticution {Bures et al. 19713 relies
on inducing the spreading depression of Ledo to inaciivale the
cortex in each cerebral hemisphere. Under surcical anesthesia
the p of the subject, usually a rat, is incised and reflected,
and two small burr holes are made through the calvarium. The
skin is closed loosely, and the unimal is mu:(—'d to tecover from
the anesthetic. Then the skin is momeniarily rellected, and a
cotton pledget soaked in concentrated p(‘nhwum chloride is
placed over cach burr hole. Within a minute or two the polassi

m
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induces intense neuranal spiking that releases suflicient potass-
um ions into the intracortical extracellular space to precipitate
a chain rcaction that spreads in mm/ 1 the entire neo-
in each hemisphere — lul not beyond across the entorh-
ssure iunto the alocortices. The funetonal icuti
lasis scveral hours and is fully reversible. Bures demonstr
“neodecortication” for me in Prasue; on casaal inspection I sww
\lll‘Pl‘l\ulUl\’ litthe difference i the rats hehay hefore,
during, and after the process
Phyugcuch\ evidence for the functions of &
fyom analyses of the hrains and behaviors of simpler vertebrates,
particularly the salamander {Roth 1987} — a neotenic nmphi hian
that C. Judson Heurrick (1948} mgaldcd as the closcst living des-
cendent of the pulative verlebrate ancestor. The three main parts
of its forehrain are sensory lpwrlom!m mtly olfactory bulh with
anterior alfactory nuclet), motor {(pyriform cortox with palcostria-
tan), and associationa! {primordial hippocaiapus with septou-
mvedaloid nucle » components comprising the bulk
of the primitive forebrain constitute the lmbic system, which
suflices t eluborate the goul-directed behaviors on which all

ortex steins

vertcbrales rely for survival.

he ﬁm(‘hmu of these allocortical parts persist in mammals:
;, in supv)orl of olfaction spauql oricntation using
the "‘o"mﬂw map” {Jacohs 1994; 'Keefe & Nadel 19781, and
orientation in constructing a life history throngh leam-
ing dependent on shori-term memory. These inlegrative pro-
cesses are essential for intentional action into the world,
because oven the simplest scarch for food or sheller requires
that an animal coordinate its position in the world and track its
trajectory toward its t

Seleelive partial xemoval of allocorlox has profound cflcels on
intentional behaviors. The bulbectomized rat provides the best
biological model for intructuble dinieal deprossion {Jesborger
& Richardsan 1985 van Riezen & Leonard 1994). Damage to
the mesial temporal lobes, which contain substantial parts but
not all of the fimhic system, resulls in severe lass of spatial and
temporal orientation, compromising but not ahslishing inten-
tional bchaviors or, apparcnily, consciousness. In coniras
hilateral destruction of selected areas of neocortex results in cai-
astraphic but delimited lossos in sensory and motor fanctions,
mcludmd “social Windncss™ [ram {rontal Iohe damage, but nol
in loss of cons . Lagree with Merker that the adaptive-
ness und flexibility of intent, the fulliess of lif luug memary in
the unity of conscionsness, and the cognitive contents of
consciousness are elaborated by neocortes, but argue further
that these three aspecis are integrated pre'r]nmunnﬂ in the
allocortical limhic “system {Freeman 2006), more than in
Wilder Penfield's “centrencephalon integrating systew” (Penfield
& Jasper 1954).

On the ane hund, the effeets o behavior of full decorticution
have been studied in great detail for well over a contury, begin-
ning with the celebrated shidy of Friedrich meow] Goltz
(1892} that reportedly stauned his audience. The crucial work
of postmoriem verilicalion of the extent of tssuc removal was
entrusted to an mdt—pendeut investigator at the beginming of
his iMustricus career, Charles henmgmﬂ | have not seen
Sherrington’s report to the nenrological congress in which
Goltz reported his observati i aing
swered: Did Goltz surgically remave (“decorticate”) parts or all
of the allocortex or only usocortex, as in fiunctiona! decortication?
Ou the ather hand, the removal of all cortex and striatum, leaving
a hypothalamic and” that is adequate for neurchumoral
control {Bard & Rioch 1937} bui not lemperature regulalion {a
rectal thermostat, healer, and air conditioner are required lor
cach subject), deprives unimals of ull intentional behaviors and
leaves blind iropism withoul conscicusness {as far as I could
tell on my visit to Bard's laboratoryl. Merker cites Bard but Le
docs not cite the work of Goltz, nar of Bures on spreading
depression, nov does he cite the distinction hetween three-
fayered allocortex and six-layered neocortex, so I pass the

Consciousness withoid a cerebral corlex

question to him: How much of the olfactory and hipp
cortices remained in the brains comprising his datahase

campal

A brain for all seasons
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Abstract: Merker's fine article opens a new viesw of brain fanction con-
sistent with cursent d s i hewsisics, and fuzz

be )ld move
tions about

nl do\'clopnmnl.‘s in robolics, houris-
As in Brooks” {1986; 1989, 1990, 1991} sub-
smnption architecture, duly noted in: this target article, Merker
here shows that reciproeal, Lriparlile orgamzal.)on of input/
mwtivation/output can accomplish the practical tasks of u brain
in this inspiring view, sensory corlex [eeds information Lo mid-
brain, and midbrain allacates mator resources, and all three act
und interuct in real time, Merker outlines a reciprocal iuside-
out /outside-in organiz s opposed Lo the traditional, intract-
ahle opposition hPf‘\PPﬂ top-down and hottom-up. He shows
how human ncocoriex, which is also higher, relative Lo gravily,
can emerge [vom evolution of more and more powerlul
sensory, motor, associative, aud computational fanctions, ruther
than morc and marc complex exceutive funclicns.

In modern times, robots acconrplish wore and wore practicel
tasks without conscioustiess. 1 am amony bundrods of theusands
of satisfied owners of a relatively inexpensive rohot that vacinims
Hoors — bucking away from chstacles, following walls, sensing
v ely dirty areas {or more intensive cleaning, sensing when
ltc hatter\ neads recharging so it needs to stop vacunming and
scek a a station. A more advanced modcl scnses
proper time to leave its recharging station to start a fresh
round of vacuuming, Future models could yrease their own bear-
ings or chase away intruders. In a luparutu system such as
Merker's, or a subsumption system such as Brooky's, functional-
ity could he added b_y increasing molor, sensery, and compu-
tational capacity in an analogne of the cevebral cortex. The only
dcul linits would be cost and consumer destand.

v, both animals in fields and selfinterested
humans in m'r'keqﬂarec calenlate velevant information to
urrive ut optimal courses of & aamm I moderu times, Gigerenzer
et al. {1999, pp. pp. 1-118) and Todd and Gigerenzer (2000)
point oul that plavers in feld and marketplace 13101» . probably
have accoss Lo cnough infarmation to arrive at optimal

sions. Moreover, successful action must be prompt action
Prompl aclion cannol wail o acquirc and ecaleulate sullicicnl
infarmation to arrive al an optimum. Gigerenzer and Todd
show how players in field and marketplace can take advantage
of what they call “fast and frugal” heuristics to arrive at less
than (;ptmml. but still useful, decisions.

In ficld and marketpluce, players must divide limited resour
among conflicting, otten critical, needs. Once again, i
limits of information aud time preclude optimal solutions. Mei-
while, fuzzy Togic systems, inlroduced hy Zadeh and
(1992}, descrihed by Kosko (1993}

ion g
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mostimportant, effective and profitahle, solutions to preblems of
ioning limited resources among conflicting needs.
{1994} show how modern
accounis of eolor vision can generate the entir ible spectriim
with three or only 2 handful of receptor types, cuch tuned to a
particular wavclength, but cach with a band of deercasing sensi-
tivity that overlaps with the others. Erickson (1984} and Erickson
ot al systern of relatively fow recoptors
reappeats in othar modahhei Frickson {1984) also shows how
this systean of fow tuied elements with overlupping bauds of sen-
itivity applies to madern findings of motor systems. Fach color,
visual angle. taste, and so on, in “such i\ctem: has a imicue code
based on the sutput of a Dopuhucm ol receptors. Likewise, cach
movement in space has a unique coide Tased on a population of
afferant outputs. Consequently, efferent and afferent systems
can communicate dircedy and cllocti without wasteful inter-
mediary centers. This relieves a midbrain svsten, such as
Morker's, from the burden of conters that must read iuputs,
translate, and then write outputs, therehy freeing the system to
allocate resources among biologicul needs that Iﬁ‘d.ha':lkd.u\ flucta-
ate from moment 1o moment.

Merker locates conscionsness in the midhrain. This is a bold
move thal raises profound questions aboul the nature of con-
sciousness. Locating consciousness in a specific structure
endows iousness with a reality that it seldom poss
cognitive theorics. This move [aces quesiions about deciding
where, in p'upah!e anatomy, consciousness resides in the brain.
This move alsa faccs questions about deciding which beings
can ethibit conscicusness and which cannol. Brooks and
Brazeal (see Brooks 2002, Ch. 8) have ruised this question with
the robot Kismet with unscltling results. It remains to be scen
whether Merker und the parents of infauts with cortical birth
defoets cun answer skepties with firm conviction and subjective
ohservation alona.

swe 1N
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Cognitive achievements with a miniature
brain: The lesson of jumping spiders
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Abstract: The chservation that an animal’s behavior is largely nnaltered
even alter profound modifications of sizeabls brain portions, s E
large fle: ‘nhtv in the relationships hetween species-specific brain stric-

tures and species
cxarnple

specific 'oehqum In this perspective, a fascinating
given by tho comparisan of jumping spidors and frlids
where similar predatory behaviors are achieved with totally dillerent
brain substrates.

The conscions made of fimaetioning is conceived in the target
aricle as being dependent on ‘apttlf_l( neural arr
rvather than as being the result of a general increase in i
tiowal cupacity or complexity achioved by expunsion of a struc-
tural substrate. This view is in sharp conirast with poss
conclusions from  studies on self. recognition in mammals.
When tosted among primatos for cxample, self-rooognition — a
case of conscious mw]e of hmr‘mmng is ohservad in greal
apes and hawany, but ot in wonkeys {Anderson 2001}, Among
ather mammals only large brained cetaccans rocognize them:
selves in i toirror. Thds capability of selfrevognition can be
seon as an exaple of ps Jmkwlu&l cvolationary comvergence
with great apes and humans (Delfour & Marten 2001; Reiss &
Murino 2001; but see I\{au‘\,@l 2006). Moreover, musidﬂing
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that th may be ai least a bias for the processing of “self
within the human vight prefrontal cortex (Keenan et al
2000 — a cortical region thal, on the basis of examination of
the eytoarchitecture, is either absent or very s in celaceans
Langer 2006 — it could also e argued that self recognition is
a by pAOducl. of brain sizo incrcaso and could indecd be con-
sidered us the result of a generd increase in informational
capucity achioved by expansion of the bruin, which below o
certain absolute volime dees not support self-reragnition (GPP
o mirror self-recognitio experiments in {n’cpmuvts Povinelli
Plalnik et al. 2006). This conclusion is somewhal nesied
in the statement of Merker when ha defines reflactive awareness
as morc akin Lo “a lusury of consciousness on the part of certain
big-brained species, and not its defining property” {sect. 1, para.
5). Henrce, the definition of consnionsness as conceived in the
target article is restricted o the state of wakelulness and respon-
i s wherein mostly brainstenn structures are necessar
winewnrk of this definition, the observation that the
behavior of decorticated rats or cats remains from all viewpoints
lurgely the behavior of arat or of a cat with alinost intuct cognitive
capahilitics raises another important issuc. Considered [rom a
comparative viewpoint, the varions specific behaviors of
animals could be understood as adaplative responses of different
organisms to dynamic eco-physiclogical demands. It vemains an
open research subject to elucidate how specific adaptative beha-
viars are anchored in specific brains. In other words, is cal brain
the only kind of hrain that can sustain cat hehavior? To what
cxlent does it differ from hosse brain, which would be the only
brain adequale 1o sustain horse behavior? The analysis of
Merker shows that the competences of decorticate anitnuls
reflects the capacity of upper brainsiem mechanisms to sustain
the belavior n,qhued by the mluptatol" of their spevies. The
fact that this behavior is largely moaltered even after puffmnd
alterations of large hrain pnmoﬁs suggests a huge flexihility in
the lr‘ldtmuxhlps between species-specific brain “tructuzes
CPP(‘KPC -specific hehavior.
In this perspective, a fascinating example is given by the com-
unping spiders and felids. Fow Lerrostial arlln'opods
s by stalking them, in the manner of mammalian
carnivores. One arthropod group, htmu(.l, the jmnping spiders
(Sdlticidae), adopts a stral: n catching prey thal is sulliciently
simmilar to that of a cat catching a bird, that s, to creep toward the
prey until the chance of escupe is small and then spring on the
prev. Catching a fly or another spider by stafking is in principle
not very different from catching a mouse or a bird. ITence,
jumping spiders have evolved a range of visual mechanisms
that are remarkahly similar to those of predatory higher ver-
tebrates, including complex pattern recoguition capubilities.
The salticid genus i’nﬁm for instance, includes African, Asian,
wnd Australian species that all exhibit complex predatory strut-
ics. Portia’s prelorred prey is other spiders. The captmc of
¢ involves hehavioral sequences based on performing
nitdery web signals, problem solving, as well as
planning, Flexbility in Porti’s predatlory stialegy clearly
L.hdfdb(f‘rl[k“: navigation, for which the detouring bebhavior
iontarly illustrative.
Portia routinely teaches prey by taking indirsct routes
{detours) whe direct puths are not available. This even: includes
']emmc that require movements initially away from the pre
where the prey is temporarily out of view, or detours wud
approaches from the rear, when saler, oven when direet routes
are availahle (Tarsitano & Andrew 1999). Lions have heen
obscrved making such comparable doiours when hunting their
prey (Schaller )

). The taking of detours by lions has not
been studied t'xpsrmwnt ally. n nevertheless be reasorabl
intorpreted as “planning ahoad” behavior. The point hero is
that Purtie, despite operating with a uiniatare nervous systein,
adopts a predutory strategy similar to the one of o Lon.

far from trivial. The predatory strategies of
Portie ‘uml\ that its visuospatial acuity is wore similar to that
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of a mammal than to that of an insect, although the size differ-
ence is enormous. There are more than 150 million photoeells
in the human retina, but in a Portio’s eve, the photocells
n the lhmwa:l(l-e It is the design of the
especially the p.nr of large forward-facing antero
“principal”) eyes { I and 2), which are resy

neural machinery is characterized by such a degree of economy
also exhibits activities so strikingly similar to those of a mamma]
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Portia’s acute vision '||nr1.u|(| & son 2000), Jumping
spicders are not cats however, and their behavioral repertoire
for ecatching prey shows limitations when compared 1o
Is. A big difference between Portia and cats appears to
speed at which problems are solved. Neverthe hese
tations only become clearly apparent when the spider is
taken out of the natural situation to which it is adapted and
made to perform tasks in a laboratory setting. On the other
hand, these behavioral limitations are accompanied by an extra-
ordinary degree of neural econom rihropods indeed have
single cells performing functions that require tens or hundreds
in higher vertebrates (Land 19 More specifically, a salticid
spider such as Portia makes efficient use of its limited resources

Belgium) who duced me to the world of Portia and who provided
the illustrations presented here as well as helpful comments on the test

| Promethean, bound deeply and fluidly among
the brain’s associative robotic networks
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for secing and overcomes many (but not all) of the
impaosed by its small size. 1t then is able to achieve considerable
eognitive skills, such as problem solving and planning ahead

In the context of the theoretical imy tions of the target
article, it is of prime interest to know that an animal whose

Figure | (Gilissen). Portia africana. Size range: 8 to 12 mm,
Courtesy Rudy Joequé,

Figure 2 sen).  Portia fimbriata. Size range: 8 to 12 mm,
Courtesy Sudhikumar Ambalaparambil

hittp: /campus. edu/

Abstract: Merker's insightful broad review fertilely recasts the mind/
brain issue, but the phenomenological appeals require additional con-
bility. Motor equivalences and
contributions 1o a “rebatic”
rs” of associative
ot

{('(‘I:i] orientation mechs
neuml networks, each with a few diffus g
divergenes modules, may be the economical :':qwrﬁml by which
evolution has extended the limited unity-in-diversity of sensorimotor
coordination to perception, action, thinking, and memory,

“I hope to share with you my fascination with consciousness,
Each of you is unique in being at the center of your own aware-
ness, reaching out to the world and other individuals and the
stars.” 1 hegin my |v|n]v.\u(]ml(4"\- con thus inviting awe;
then explore the sibject of consciousness with student colleagnes
(Glassman 2002). In 2007 we ill read Bjorn Merker's extraon
nary synthesis corvelating phenomenol I consed with
brain architecture.

Empathy is not enough. Are parts of the article “just-so stories”
that conveniently seleet anatomical or behavioral Facts? The first
and last sections are fragile in their appeals to empathy, among
these, the tormenting ethical “dividing line” issues associated
with the touching description of conscions anencephalic
children. Ave physicians who describe these patients as
“vegetative” (sect, 5} attempting a virtuous authoritative role by
m\ukmg a mythology 1o frame i:am(-(l decisions not to
c Iy engage life- t technalogy?

We who have even tiny- r“unml pets like parakeets or guklf\in
hardly doubt they are conscious. Their behavio
gies with anencephalic children’s, such as caretaker reeognition.
Eye-contact empathy ocours especially with anthropomorphic
imnH"l\l ed pets (Morris 1967, pp. 224-31). Considering
Merker's expl 1 of extreme visual impairment in anence-
phalic children, his selected Figure 9 photo suggests sham eyve-
contact hased on hearing, as in affectional expre ioms of children
born blind (Eibl-Eibesfeldt 1975, p. 450, Fig. 18.5). Bear in mind
that we display related caretaker emotional reactions to dolls and,
tly, to high-tech nations” uncanny simulations of
in Warner Brothers” 2006 flm “Happy

The fact that conselous continuity persisted during Penfield
and Jasper's extensive cortical ..hixmt:n; (Penfield & ].lspu
1854}, says litle about localization of ce
the possibility of rapid compensation or Lurt!(‘:l' vedundancy
I 19581, Analogously,
litle Parkinsonian deficit may appear until loss of $0% of striatal
dopa als (Bezard et al. 20001} Merker's cited
instances of absence epilepsy with seizures might be due to
loss of tonic arousal rather than a loss of centrencephalic
organization.
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Visual evolution leads, but “robotic” sensorimotororienting is
not enough. Merker argues that mobile visual organization led
neuracognitive  ovolulion, with the  growi 1
adaptive recalibrations among topographic sensory mappings.
This compelliug thesis about the emergence of an ego conter,
around which individuals maintain r own postures in a llux-
vidden world, complements the gnm] perspectives of Donald
T. Campbell and of Richard Gregary, that ovolution of vision
became tantwmount to knowing and pleeaing, o freeing
orgmismus o respond to distal stimmli. Vision was the seed for
the natwral sclection of abilily to reach decply inlo onc’s past,
future, und spatial enviromoent, to Scientists’
hypothesis testing, using symholic thought, cvolves naturally
from our routine techhﬂ of object hwmthecs\ in distal
verveption (Canpbell 1956, 1966, 19871 Gregory 1970, 1978).

The cpqlu;lempom\ pmhle'm of bodily arientation is “inter-
mediate in rmrplfm Mare nenval m.chmm} is neaded to
carrv it of well than [or a scgmental reflex, vet cnough reom
for that machinery resides in Jm narrow hallway of 1he mesodien-
cophulon. Yes, there is intriguing unity-in-diversity in organisius”
ability to cricnt toward any place within their spheres, but there
is also u dull sameness about orenting respouses.

Motor equivalence {Milner 1970} and perceptual constancies
{Rock 1993} comprise mare interesting forms of unéty-in-diner-
sity aud more varied, complex relationships between erganisin
and environment — suggestive of consciousness. Such arganismic
competencies in mediating patterns of perception and action
have proven most dillicull to campulerize, like the persistent
failure to create a cpee(h machine that emulates ordinary
hmpan comversational competence well cnongh to - pass
Turing test (Shicber 2004). Industrial robol arms’ gracelul
orientational movernents remain “robotic” in their ster(*ot},})ed
repetitiousness; they achicve organismic (exibility anly when
£ copu‘alcd by a human. Merker may be making a localist
error, in plaung conscionsness in the mesodiencephalic orien-
tation robot, instead of in the larger emergent system.

Durinig the 19605, watching 1y advisor, James Sprague (see
sect. 3,15 carry out his elegant neurological tests iuspired we.
In my own later P‘(Pé‘ﬂ‘mé‘ﬁfﬁ orientation toward 'xppehh\e
stimuli vometimes displayed u tobotic character, even when
visual, auditory, or lactile localizing stimuli could substitute [or
each other —in cats better than rats {{lassman 1970, 1994},
Further evidence thal appelilive oricntation dacs not necessarily
inwvolve blindsight” {(Weiskrantz 2004). In
agreement with some of Merker's points about sphorical coordi-
nales {sccis. 4.3 and 4.5), an unusual degraded “robotic” oricn-
tation respouse, with dissoviated pitclt and yuw, appeared
during carly postoperative days in sowe cats having large corticsl
ablations {Glassman 1983). For exampl. metimes when a food
worsel touched the forepaw of the blindfulded cat, there was Brst
rtical movement of the snout down (o the Tevel of the paw and
then a dugm‘ih hovizontal turn toward fhe stimnlius side

o may M .
flexibifity. Whal undrr\mg organization
o Sensorimotor  behavior  norzaall
continuity. An mput-\;ulv)uL systom havmv i
save connectivily via dala reduction Lo an intermediate lay
diffusc citsble  wodules lm\mg co mputs aud
d|\€'ﬂé‘ﬂf nutputs. For P\ampﬁ a two- Ia\ v network of direct
counections betweent a mosaic of s = 1000 distiuguishable skin
patches and r = 100 independently controllable muscl
requites st = 1KY weighted conmections to accirately ()HP"W

i1y

“look. ahead.”

consciousness is in

=%

daes that “seam”
displays  boautiful

1

units

a movement With an intermediate laver having three
summators to integrate input-output assaciations for three <pnh’aT
Tinensi By 4 8= 3300  conmect flice  (Glassu

AIINCTSIONS, by - PN connoections  sufice AsSTHdIL

1985). The sandwiched associative layer also enhances plasticity,
hecause |P(1pmf‘ﬂ coordinated adjustments in synaptic weights
nced ceeur only among the connections of Lhe three modvdes.

Similar considerations apply to po mpascd lopographically
orgunized iuhibitory circuitry: Merker discusses the economy
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of such conneclivity of the zona inceria (sect. 4.5, Hi
hition can he more diffuse itation hecanse damping
down respansivencss is inherently less domanding than is achiov-
ing accurale Lhreshold, timing, and direction [ an aclive
respanse. Ilence, inhibitory mapping roguires olution to

achicve comprehensive compeiitive overlap. This yiclds a
safety-factor bouns. Diffuse inhibition 1uakes the
defunlt condition, like a “doad man’s handl ation

have to “hreak through” A danger in symme “design” of
excitatory and mhxblton mappings is that mismatch errors
might allow leakage of (mcmenm"\' excitaiion foci, for example,
as misplaced sensations, or ryslnnesm

Consciousness i memory exiends sensorimotor aclion
organization. Analogous savings covmdnmkmm might apply to
the discussion in section 4 al long-term mamory
ceonomy, although most atlribules of memory are not literally
spatial “dimensions.” That is, when a species repeatedly
cuconnters pku‘t’ullpr qualium, the whility to dofly handle
variations M that attribute of its world might evolve more
readily if its neural representation were to reify as an
mdcpmdcm module, with ils own canncetivity convergenecs
and divergences. Is this what that vast memo-sheet of cortex
contains?

In each moment of cons
donates a fow chunks to working memory (sects. 4.1 and 4.5
whose beitlenccked small apacu\ is robdslh similar across
species, time scales, and experiential contests. Small working
be a “design [actor iling combinalorial “cxplo-
{Glassman 1999, 2003); an “ego center” can handle
just so nuch at once. Merker's insight, that the concentration
of verlchrale mator autpus caudal io the mesodicacephalon
inplies that the neural nexus for consciousness is lovated there,
ought to be qualificd by noting that we are often quictly thiPka
Yet, combinatorial Togic must also apply to “cognitive “('hnns
Therefore, evolution of higher copuiion may indeed branch
from the same slender runk as has served primitive vertebrates
action-organizaton.

This wondmﬂﬂl

“3-read”

ionsness immense long-term meamory

¢ fertile article has added much 1o my

Levels of emotion and levels of
consciousness
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Abstract: Morker makoes a stroug case for the upper |
the nonral home of primary ar phenamenal conscicnsnoss. T'hmlgh less
canghiizod. o sakes wn oqually strong s conpiric
iont for the the

n stem as heing

1 red

in primary consciousness :
challenge to provailing
emot; gnition-bek

nd ])'m(: emotion pmm sses prosent astrong
sunnpstions ahout the primacy of cognition in
for relations.

The central proposition in this commenlary is that basic emotions
constitute the motivational svstem (“bias™) in the processes of
primary consciousncss. To relate Merker’s conclusion that the
mesodiencephalon processes the essential attributes of primany
or phenomenal cons s to U)Inpdtﬂ)“ cuwwotion theory
and rescarch, T will identily two developmental levels or types
of emotion wid relate them to two levels of consciousuess.
Evidence suggests that the mesadicncephalic noural arrange-
menl identificd by Morker, through reciprocal conncetions
with other subcortical systems {e.g.. amygdala), generate basic
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in

emolion expressions and feelings that play a crilical role
ssness and motivating its constituent
cesses in primary consciousncss

w currently allributed 1o the “new
v

organizing primary consc
processcs. Basic cmolion p
may help explain the hehay
unconscious” {of. Tlassin ot 2005) and to the “pereeption-
behavior link”™ {Chartrand cl al. 2005},

Emotion schemas. An emotion schema (e, love, jealousy
interest in scicnee Tepre sents o dynatic intoraction. betweon
an emotion and associated per(‘ﬁrﬂmﬁ awpmmqlq and thought
Ewotion  schiemas  ewerge  in o synchirouy  with  cognitive
celopment, and some of them (e, shame, cn‘lll re
dependent on a concept of self and on leﬂﬂOﬂthl"i with
others (Abe & Izard 1999)

Basic emotions. Basic emotions like jov, sadness, anger, and
fear are considered as natural kinds, products of evolution that
have a common and universal sct ol Compo*\cnls {ncural
bodily /expressive, feeling, action tendency? and d)dn\&tﬁlnt&b
{motivations] and e gulatory functions}
Panksepp 20055 ey can be activated by sensory d?te(hon
or simple perception of an ecologically vafid stiulus aud do
not require conceptual thought {Ohman 2003). Ones activated
the} hecome m(m\ tonal ’h%(hn"mY and regnatm’} (in rﬂmi
of target sclection and action scloction) via rapid, automatic
suhenrtical information processing, independent of neccortical
activity {TeDous 1996) Thus, the to
[ulfill the role of the tional bias” that Merker identifics
in the target selection — action selection sequence mediated by
the mosodicncophaﬁc syslom that supports  primary
consciousness. The basic emotion of interest is of special
significance here. It can be activated by w
change in the sensory ficlds, has the Fapa(‘l
repmdtf-‘ attention and hformation pxm \LuL {Lundyvist &
Obman 2005; Silvia 2006}, wnd is critical in the organization of

have the dharateristios

“moliy

non-aversive

conscions  processes and in establishing and  maint:
interaction with the sucial and physical environment
2007).

Merkers evidence analysis relating to the hrainstem

lem of primary consciousncss indicatos that basic positive

and negalive emolions are well within the purview ol children
w 1thtmt u cerchral cortex. Tle identifies expressive bohavior pat-
that charactorize the basic emotions of
Te L and auger in normal fants and young
clmdn:n {ef. Bzard ot al. 1995)

Levels of consciousness. There is considerable agreement
that there is a clear distinction between reflective and primiary
consciousness (Block 2003; Chalmers 1996; Edelman 2006;
Marin 2006; Rosenthal 20021, Reflective consciousness is
characterized by symbolic processes, memory, and, ulfimately

the capacity for awareness of self and others and for
monitoring one’s  own hehavior. As Merker convincingly
demonstrates consciousness s characlerized by

SEMSOrY Process ; ] {cf. ]1me’<
1590/1950, Tzard 1990 sspocially cwotion feelings, und also
mduda awarcunss of and 1cspcnsl\uhss o cb]ccls in the
enviroument. Appd_rcutw processes in pritnary consciousness
arc alsc critical development of normal infanis®
emotion-expressive/ -communicative hehavior that
facilitutes Fsocial bonds and o network for social
support (Shiller et al. 1986; Termine & lzard 1988).

Primary consciousness in pormal young infants. The mental
processes, paruz‘umm the cmotion Processes, af nermal young
infants probakly aperate in primary consciousness, supported
by the mosodicnecphalon in intoraclion with the amyvgdala and
]v}pnlhqhmm Their cerebral cortes is quile immative and its
connections to brainstew systems are stll rapidly developing
{Bauer 2006; Groenough 1991; Posmer & Rothbart 2000)
Nevertheless, 3-day-old nfiuts can diseriminate their mother's
voice and work to produce it (DeGasper & Tifer 1980}, Thre
to 4-month-old infants can form concepts, (Quinn et al. 2001},
and  G-uonth-old  infants can form ¢ between

ssociations

Consciousness withoid a cerebral corlex

memaory representations thal are absent (Cnevas el al. 2006}
OF course, young infants (09 months} are incapable of long-
torm memory, higher-arder cogpition, and sclf-awarcness
(Bauer 2006; Lewis et al. 1983), and hence cannol engage in
the processes of reflective conscionsness.

Emotion processes in primary consciousness. From a
developmental perspective, it is expectable that emotion
oxpressions and hehavioral ac s of normal young infants
would he similar to thase of childven without a cevebral cortex
The sffects of the emotion expressive uchd\mr of thess
contrasting groups of children have i renls
and enhance the development of maamw\r_jﬁﬂ parent-child
relationships. A child without & cortex cannol  rcgulate
emotions efficiently or exercise cognitive control of emalion-
expression or emotion-refated hehavior. The same is tre of
normal young inf?ﬂlS The dcpq}d almaost onl on non-
i 1Lmrnv of intense /run-
tion (Tzard

\
Emorion prowess in primary consciousness. Four-month-old
1s can discriminaic and respond differentially 1o disercte
positive and negative emotion expressions of their mothers
{Montague & Walker-Andrews 2001), an ability that will
hﬂllhte empathic rvesponding. Fven 3-month-old
take the initiative in displaying i
with cmouon when their mother makes a poker face 1ud
remains still and silent {Hembree 1986; Tronick & {ohn 198
Such  cxpressive-behavior  play  is  [undamental o the
development of emotion knowledge {the understanding of the
expressions, feelings, and functions of emotions) that will
oventually beeome critical Lo the development of inlerpersonal
skills and the prevention of psychopathology (Denbam &
Burton 2003; Lzard 2002)

Emotion  processes in primary  consciousness  in
adutts, Bvidence suggests that a brainsten-amyidala network
mediales lhe activalion and expression of hasic emolions in
human adults {Ohman 2005). The behaviors facifitated
brainsiom mechanisms in primary consciousness may bear
some  similavity  te hehavior currently  atributed  to
“nonconscious”  or  “umconscious”  cognitive and  ciational
pracesses in normal adulis.

It is speculative to compars psyche
(Ilassin ot al. 2005} and “perception-action link” {Chartrand
cl al. 2005) with processes in primary consciousacss {Block
2005; Tdelman 2006). Nevertheless, they dlearly have a central
{eature in commeon: they bath involve unreportable mental pro-
casses (including emotion pmreweU that affect behavicr. Pro-
cesses miediated by brainstem or brainstem-amygdala cirenits
generate “unconscious” emotion feelings that affect hehavior in
observahle ways {Ohman 2005; Winkielman & Berridge 2014}
Al u'ibu!mg causal roles to cmotion processes in primary con-
sciousness may he more straightforward and more heuristic
than atiributing causal roles to the “unconscious” and particularly
to “unconscious cmolions.”

Conciuding remarks. The tenn primary or phenomenal
consciousness as defined by Merker and olhms may pxondc a
better d?\f‘ﬁph’)l Ior some o
0 the unu)munm ” and particy I

as demnmfmk‘r] in vmrmrﬂ mkmﬂ ;md rhﬂr]x en thont
bral coriex, and hypothesized to be the case for anyanc
{Izard 1991}

The tendency in psychology has been to assume that mental
pracesses aperale cither in reflective cansciousness or in an
“uncouscious dornain,” neither of which expficitly correspond
to or adequutely frame the processes of priwary consciousnoss
dascribed by Merker and a number of philosophers and scien-
tist-philosophiers fe.g., Block 2005; Edefman 2006; Rosenthal
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Lack of a clear dillerentiation among processes in primary
asness and in other Is of mental functioning may add
Lo sonfusian and slow the developmenl of scienlific interest in the
subject. Merker's target article presenls a sirong challenge 1o the
ing notion of cognitive primacy in emotion processes and
in emolion-cogritian-hehavior-relations {cl. Zajonc 1950).
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Abstract: Consistent with the target article, recent evidence indicates
that the superior collicnius {SC? 15 somehow ivolved in target selection.

it i t known whether this function is inherent to the St
outs, how the selection process oeeurs for dille:
cction by the SC is related 1o covert selec-

movements, or how ta

attention).

tion

It has been recoguized for some time that the intermediate and
deep lavers of the superior colliculus (SC) in primates plavs
some role in target selection, at least for saccadic eye movements.
For exaumle, the preparation of succades is correlated with
increases in the activily of S0 nevirons that can begin hundrads
of milliseconds before any movement and this activity appears
nling possible targeis {Glimeher &
the prohability thal a visual stimulus
arnple, by adding a varisble numiber
ol irrelovant stimuli — changes the visual and tonic aclivity of
wany SC ueurous (Busso & Witz 1997, Dorris & )
1898). When the subjoct must scarch for o uniquely cale
target stimulis amidst other colored distracters, many SC
nearons discriminate the target from the distracter with a delay
that is time-locked to stimulus onset, rather ihan saccade onset,
suggesting that they play a role in target selection in addition to
succade preparation | (McPeck & Keller 2002},

Perhaps the mast (rm'mewmw evidence for a role of the SG in
target selection, as dis g;nhher! from saccade selection, comes
lrom studics of the other type of volunlary oye movement
made by primates — smooth pursuit. The SC has 1 fong heen
known to contain a motor mep for saceades, but more uu'nt
studics have shown that the activily of many saceade-related
SC neurons is also modulated during pursuit eve movements.
These ncurons show a somewhat compllcaud Lemporal paliern
of activity during pnmm —and also ﬁ\ahnv but this pattern
cun be "‘ApldLlPd fuirly simply by cunsidering the location of
the tracked target within the neurons’ re\n'mtom(.;‘l organized
respouse fields (Kranelis et al. 1997, 2000). The distribution of
activity across the $C malor map therefore appears Lo provide
a real-time estimate of the position of the target in oculocentric
ar rctinclopic coordinales, nol restricted lo saccades but for
arienting movemenls in geneval. This “targel posilion map
hypothesis provides what we consider to be a parsimonions
allernative lo the widely discussed “lixation zone/saccade zone”
liypothesis (Munoz & Fecteau 2002), but the issue remains
trov
The activity of many 8C neurons also predicts the subject’s
choice of target for pursuit s woll as for succades. D\m

Sparks 1992). Changir
will be the target — for
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a visual search task, many S0 neurons exhibit a preflerence for
the target stimulus over irrelevant distracters that emerges over
the course of ~100 ms prior lo the initiation of pursuil a and sac-
mdFi {(Krauzlis & 12§11 20% mlmpmlma the pr
ot stimulus as a “decision signul,” we showed that SC
“could account for the targel choices made by pursuil
des. We also inferred that pursuit uses u lesy stringent
dedision criterion than saceades, porhaps becanse ermmt s
cades are move costly in their disruption to vision than mistakes
by pursuit. These physiology vesults bave been receatly corrobo-
rated by behavioral studies in human subjects showing evidence
that pursnit and saccade rchoices are guided by a comman
decision signal, and that the decision Lo igger pursuil involves
shold that is generally Tower that that lor saceades {Liston
. 2005). The idea of a common decision signal
Lcrl with the inlegrative viewpoint pul forward in the
target article, but these issues are also not yet settled. Tor
an alt is that target selection involves
linkage between saccades and pursuit, with pursuit simpf
adopting the (,htm e made by the saccade systewn (Gardner &

1y ]emnmﬁ'ated the idea that the
SC is causally inv om,d in lalV\,l scloction. The first study, locus-
ing on saccadic eye movements, used a visual search task and
fonmid that when the region of the S senting the target
was [ocally inactivated, saccades were often misdirected Lo dis-
tracters ﬁppeaﬂ'ﬂg in unaffectad areas of the visual field
McTPeck & Kellor 2004). The sccond study examined bolh sac-
cades and prusmk using a luminance discrimination task and
fouud that subthreshold microstimulution of the SC biased the
sclection of targets loward the stimulaicd location for both
types of eye wovements {Carello & Kranglis 2001). The results
for pursuit were especially revealing, Beeause the targets for
pursuit initially appeared at a location apposite to its direction
of motion, the experiment was able to distinguish between
eflects on the molor commands (i.e., which direction lo move)
and effects on the position of the target {i.e.. which stimulus to
Iollow). The results showed that allering SC activity changed
which stimulus was chasen, regardiess ol the type or direction
of eve movement that was uceded to aequire the target. These
cxperimontal rosulis plD\’ldC strang suppou for Lh(‘ interprot-
ation put forward in the targst atticle that the primnate SC
plays wn intogrative rale in targot sclection and decision-
maling, heyond its conventional role in the motor control of
saccades.

What remains unclear rom these studies is lhe extenl to which
target selection is a function that is inhevent to the superior col-
Giculus, a point that is central to the “mesodiencephalic” theory of
consciousness put forward in the targ
view of these rocent findings is that the 5C fanctions as a conduit
for scleetion signals thal arc generated in other places, such as
the cerehral cortex. Unfortumately for the theory, it is diffcult
o rale out this interpretation, becase the extensive cortical
and subcortical network involved in target selection makes it dil-
ficult to isolate the contribution of wdividual br regions.
Nonatheless, one erucial test is to determine how the inactivation
of various cortical areas involved in target select altevs the
properties of neurons elsewhere i the networl
S0 These P\jr)em'imenh wonld most Wi'»\'e\"

identify how ‘hc basic lorm ol Larvcl sclcx\uo n v)mab cly accom-
plished by the ST is extended i firnetional scope by the addition
of signals [rom lhe forchrain.

Abetter test of the theory is ﬁ'xggmke(] hy
tion put forward in the article. namely that “une ¢ aiteat
will not be replaced by another without involvement nfllu ‘meso-
diencephalic systein centered on the superior colficulus)
lined here, coen when that change is vnaccompanied by aye
movements” (sect. 5.1, para. 4, emphasis in originall.
the contents of consciousuess in aniieal subjects poses serivus
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challenges, but some recent siudies have shown that stimulation
in the SO alters performance in ways that mimic visnal attention
{Cavanaugh & Wurtz 2004; Muller ct al. 2005). Tis premalure lo
conclude from this ev le in
determiniug the contents of peree

“atlenlion” is nol synonvmous with but also
because the effects of the stimulation likely extend to a
network of wreas conneeted to the SC, including soveral cortical
veas that are themselves implicated in the control of attention
However, similar tests of visual attention can be conducted
using selective inactivation of S neurc s has been dane far
target selection. Such experiments would provide an important
tost of the “mesodicncephalic” theory, and indicale whether
further tests seem worthwhile.

the target article presents a provocative and con-
trarian theory of consciousncss, bul onc thal is supperted by
t experimenta! findings about the role of the primates SC
in ta ',y;(,t % I& tion. Tven mic mqwrtd!ﬂ g tht' theor

cansal rol

s

awarcness,”

uml\cs

per(,sp:!ml awireness tuat could be tested upelmmn mﬂ(\,v

Consciousness is more than wakefulness
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Abstract: Merker's definition of consciousness oxeludes sell-rofle
Theught. making his praposal for decorticate conse
Tarly ground-breaking. He \ugg(‘ﬂsﬂnt brainstom siles ar mghw < in
enrrent theoties of conscionsnes
af consei Al sh

ant for full-blown consciousness: also, bohaviors 4\]\II7I‘\" by hy] Anci-
cephaly patients and decorticated rats do not seem to require reflective
comseionsnoss.

nesness noel particu-

In the larget article Merker wisely slarls by cxplaining whal his
view of consciousness is. He defiues consciousness as “a state
of wikofulness \\hu-h typically involves sccing, hearing,
fe: lmg, or other kinds of cxpericnee” (scel. 1, para. 1) bul
exclndes reflective awareness (e, being “aware that one is
seeing, hearing, and so forth™; sect. 1, para. 6). As such, con-
scionsnass is equated with wakefulness and responsiveness to
one’s environment, and the resder is indeed teupted to
concur with the anthor that consciousness resnlts from activity
of suhcortical and brainstem machanisms. In other words, the
proposal thal consciousness, as delincd here, is possible
without a cortex does not seem particularly ground-hreaking
and has been supported by neurophysiologival ovidence for
quite some Hme now (as Merker oxtensively (locumcvlls in the
turget arti clel.

Morker staics that “Fow cagnilivists or neuroscienlists would
today ohject to the assertion that ‘cortex is the ovean of con-
sciousness™ (sect. 1, para. 7). “With some notuble wwptwm
[...], brainstem mechanisms have not figured prominent]
the upsmrge of iuterest in the nature aud vrganization of cou-
sciousness thal was umc;cd in with ccdml.n ism in psychology
and neuvoscience” (sect. 1, para. 7). This is not m'Tm
sinec whal most l'CSbalChC s loday arc inleresied in is nel “con-
scigisness in ils most hasic and general sense, that is, as the
state or condition presapposed by any experience whatsoever”
{secl. 1, para. 2}, but in [ull blown introspeclive conscious-
ness — which does depewd ou cortical achivity, More than
forty-five yoars of split-brain rescarch has convincingly shown
that surgically isolating the cerehval hemispheves alters con-
aczanign 2005). At least six muin interpretations
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of commisurrolomy have been put lorward (Morin 2001} — of
which only one suggests that (rm@(mu«me\« is unaltered by
the surgical procodure; the other five views {pre- and pasi-
operation dual consciousness, equal and \meqn'ﬂ divisian of
oss, und dual personbood i the intact brain) all
asaribe a key role W the corebral hemispheres {and thus io
the cortex) fu consciousness. The fact that Merker does not
mention this large bady of work i the trget article is rather
disconcerting

Hydranencephaly is used by the aathor to support bis view of
decorticate consciousness. He reports his first-hand experience
with children afflicted by this condition and proposes that
“These children arc not only awake and ofien alert, but show
respansiveness (o thair surroundings in the form of emotional
or orienting reactions to envivonment al avents” (sect. 5, para. §)
This is lollowed by a deseription of behaviors that th’s‘C children
can engage in, inchuding expressing pleasare and aversion, ditk
cutially responding to the voice of fnuiliars, showing proferences
for situations, and taking hehavioral initiatives. Tt is further
abserved that decorticuted rats can “stand, rear, climb, hang
lmm bars, and slecp with normal postures” (scet. 4.4, para. 2
oy can also swim, eat, mate, and defend themselves The it
tion, of coursc, Hm‘ hould anc interpret such behaviors in
relation to conscionsness? oes exprassing emotions or swim-
niing entai as defined hy Merker? Certainly
Do these behaviors necessitale sclf-awarcness? Most probalil
not. This represents a challenge rveminiscent of the one
primatologisis face when iy io determine if apes possess
Theory-ol-Mind, auloncelic, or melacognitive abilities (see
Terruce & Metcalfe 2005 Tor instance, oue can ask suimals to
recall food locations or pasl personal cvenis to Lost aulonoctic
constiowsness. Monkeys can indesd exhibit sue
enzel 2005, Sehwartz 2005), but : aguin, the point is that suc
behaviors maost Tikely imply wakefulness and responsiveneass,
but 1ot reflective conscivusiess.

Merker ciles Baars (195%), Mandler {1975}, and Miller {1986}
as examples of theorists \\rho do nat foous on subcortical brain
arcas in lheir allempls lo cxplain conscicusuess. The reason
for this is simple: their definition of consciousness is much
broader than the ouc proposed in the target article. To illusorate,
Baars” definition of coqsciousncss (1988) includes ond’s privatce
experience of reading a word, rememnbering what oue fiad for
brealdast vosterduy, “and the fecling of a toothuche — that is,
instances of visual and auditory images, inner speech, hodil
feelings, and so forth. Consciousness also contains pen*)her
information  al the [ringe of conscious experience - (or
example, the vague awareness one has of surrounding noises
Conscionsness also encowpases one’s access to current beliefs,
intentions, meanings, knowledse, and expectation i
voluntary control. Buars” more operational definition of con-
sciousnoss roquires that (17 the organism can lestily that it was
conscions of something hﬂnmﬂg the conscicus experience,
andd {2} an independent effort at verifviug the secursey of the
cxperionce reporied by the organism be made. Intereslingly,
Baars rightly notes that in reportin experience the orgumisiy
engages in a metacagnitive act. Ulearly, such a view of conscions-
ness goes far heyond wakefulness and incorporates antonoetic
consciousness one’s antobiography und mental time
travel}, self-descr 'phm\ verbal report, metacognition, and self-
agzucy. These varous facets of consciousness are reflective in
cssenee

if one defines consciousnass simply as a state of wakefulness
and responsiveness, then of course only brainstom siles arc
necessary, and Merker's careful analysis is very useful in thal
respect. lowever, if one embraces the more common view of
consciousness  which includes scll-rellection {c.g., Dennell
1991; Schooler 2 Zelazo 1999), then obviously cortical
arcas ure involved {e.g., Craik et al. 1999; Goldhery ct al. 2006;
Johnson et al. 2002 Kjaer et al. 2002), and Merker’s thesis
does 1ot upply.

conscious

“romsciousness”

behaviors
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Supracortical consciousness: Insights from
temporal dynamics, processing-content, and
olfaction
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Abstract: To further illuminate the nature of consciens states, it may
sive to integrate Merker's important contribution with what is

garding the tempozal relation belween canscinus states
ation of the mesodiencephalic sy the nature of the fufor-
mation {e.g., perceptual vs. premotor) imvolved in conscions integration;
and {e} the newral convelates of olfactory consciousness

Bvidence from diverse sources has led to the consensus that con-
sious  states integrate neursl  activities aud  information-
pracessing structures that would otherwise be independent
{Baurs 2002; see review by Morsella 2008), but no such apree-
ment has heen reached regarding  which neurnanatomical
regions underlie this special farm of mt?gmhrm By ree
long-overlool urological fnding: 1
sulicortical regions that may give rise to th elusive slates.
With this important contribution in mind, it way be progressive
Lo evaluate whether the temporal dynamics of these subcorlical
{albeit “supracortical”} events are consistent with what has
been docwnented regarding the substantial delay between affer-
ance from eYt@m(ep*mq its consciously mqwneﬂmd effects
{see review by Libet 2005}, Does activation frow a supralinminal
stimulus inflience the mesadiencephalic system at the same
time that an associated change in consciousness is predicted to
cecur {e.g., soveral hundred milliscconds following stimulus
D Pc?ﬂm‘mﬂ 1ihet 1986)? Given how much is known regarding
the processing speed of the hardware at band {e.yr, nenrous and
synapses) and aboul the timings ol diflorent stg,
ay gleaned from px\,dylyl iological recordings, answering this
question may be a asiblo way to oblain additional POJJDOOARLO“
avidence for Merker's (ramework. Moreaver, such evide 3
be in agreewent with the claim that the contents of conscious
stales relleet the final product of a relat mely proecss in
which multiple, consciously impenetrable mtf‘rprenm(u s or
“dralts™ of sensmy allerence and other forms ol information
are entertained and evaluated {IJennett 1991).

In addition, it way be foruative to evaluate whether the
nature (e.g., perceptual, semantic, premolor, or motor! of the
kinds of processes acamring in these integrative, supracortical
regions is consistent with the view that conseious states are
necessary o integrale only certain kinds of information. It is
elear dut many kinds of information can be inteyrated without
these states. For cxa ample, conseio unprm‘lr bk interactions
are exenplified i1 countless intersensory phenanena, including
McGurk {MceGurk & MacDonddd 1976} und venmiloguisin
effects (Vroomen & de Gelder 20483}, Indeed, it has heen mcpﬁﬂ\‘
V)ropme-l that neocortical operation: SENSOTY
in nature {{Ghazanlar & Schroeder 2006). That such neocortical
intevactions can he unconscious is consistent with Mavker’s pro-
posal that cortical processes arc not the scal of conscious slates.

In line with Merker's “premotor” characterization of these
supracortical processes and with his charactorization of the
“final common path,” Supramodular Interaction Theory (SIT;
Marsella 2005} proposes that conscious states are necessary to
integrale specific, multimodal systoms thal arc unique in thal
they may conflict with skeletal “muscle plans, as described by
the pmu,wl‘, of parellel vesponses into skelotal  muscle
(PRISM). In harmony with Merker’s account, these systems
are defined by their concerns (e, bodily needs) md skeletomn-
tor gouls rather than by their sensory 3&,)‘6)1((‘,, the fatter being

100 BEHAVIORAL AND BRAIN SCIENCES (2007) 30:1

Consciousness witheut a cerehral cortex

the traditional way in which mental facullies have heen charac-
terized (Ghazanfar & Schroeder 2006). SIT iTiminates why con-
scious Slalcs are regu ired lo inlegraic some PIOCCSSCS (C. 'pam-
far-gain” scenarios as when carrying a hot plate of foad or hmdmc
one’s broath) but not athers tersensory interactions, peri-

stalsis, and the pupillar and cxplains why skelctal
muscles have been recarded as “volutury vniscles” Skeletal

o b tmes “consciously controlled” because they are
mmhpb systems Hmt require conscious states in
ot to tuteract and collect influence action. Accordingly,
ing processes such as dwsslmw one is conscious of only
those [‘hfum of the pracesses that require coordination with skel-
ctal muscle plans (c.g., chewing or micturaling) and nonc of
those thal do not {e.z., peristalsis). Togelher, these proposals
are comsistent with the view that the propertics of conscions
states inlimately rclaled o action production {Barsalou
2003; Glenbery 1997; Ilomunel et al. 200L; Sperry 1952, a
view that challenges traditional accounts that divor input
from output pracesses {of. Kimer et al. 1995)

Also consistent with Merkers scoount is the extensive research
‘split-brain” palicms and on binocular rivalry {el. O"Shea &
rhailis 20 strongly suggest that the minimal
anatomy for a conscious brain decs not require the corcbral homi-
vphe‘rss, nar the commissures {or transmission pm(‘essai) connect-
ing thern. Moreaver, although extrpation of the arygdalue and

on

memory (Leiloux 1996} and episor i memory (Milner 1966),
respoetively, it scoms that an identifiable and roportable form of
consciousness persists without either of these structures. It
seems as well that such s minimal, conscious brain does not
interactions between lhc aflerent impulses
orgaus wud the initial = T ut th@ thalarius
xperionces uspocts of ok
signals from the olfactor

tem hypass the thalamus
directly tarpet r x (Shepherd &
- 1608 Of cnume this daes nat lmp/ a consciaus
brain experiencing anly offaction does not require a thalamus.
Consisient with Merker's account, in subscquent, posteortical
th lhﬂmmm(]nes receiv mpvl\ from cortical
erly 1998).
and ils
2 iy pnmm /e wrrangement
{Shepherd & Gr the ulﬁwm systemn way prove to
be a fruithil system in which to further isolate the nenral P
cesses giving rise to conscious states within the mesodiencephualic
regions already identified by Merker. According 1o Buck (2000,
33), conscious aspects of odar discrimination depend primar-
ily upon the activities of the frontal and orbitofrontal «
proposal which, at least at first glance, seems inconsistent with
Morker's T)nnmul» “subcortical” account of the neural corze
of conscious states. Additional rescarch on ollactory conscious-
ness and the olfactory camponents of mesodiencephalic regions
may reconcile both views and thus further our understunding
regarding the gencral nature of the physical substrales of con-
seious state
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Abgtract: Merker argues that subvortical regions ar
constitution of conscivusness as “immediate, wreflective exy
distinguished from self-consciousness. My point here is that Merker
neglects the differentiation between pre-reflective self-awareness and
reflective self-consciousness. Pre-reflective self-awareness allows us o
immediately and unreflectively experience our self, which functionally
may be mediated by what I call self-related processing in snbeortical
Tegions,

Merker argues in his article that subcortical regions are sufficient to
constitule consciousness, which he defines as the ability 1o experi-
ence. He calls thi\ ability “fmmediate, wnreflective experience”
(sect. 1, ps This musl be distinguished from stales where
one is aware fh'xt one is expetiencing something, which he
i xulditiuual awareness,” “reflective u)ua(,' ousness,” “reflective
awareness,” or “sell-consciousness.” He considers the corlex to he
necessary only for reflective conscionsness it not for conscions-
css as “immediate, unreficative cxperience.” The locus is thus on
subcarlical regions Tike the substantia nigra \‘9\" venlral legmental
arca (VI molm muclei (RN}, hypothala-
mus (Hy), mmbram retiewlar [or mauon’\IRF ardlhc poriaguac-
grey (PAG). The sim of wy comment is to coumplement
s’ notion of consciousness as being “immediate, noreficetive
experience” by what I in arientation on phe\v.nmenok‘ﬂv {Husserl
1991; Ziahund 2005}, call “pre-reflective self- A\mr&ﬂm .

Recent imaging studies have locused an the seil and observed
al midline regions to be associated with high
clatedness {seo Nollhaﬂ & Bermpohl 20604;
2006). Th(mgh wrpn#mm\ Tittle has been reporte:
X s in purt because of methodolog
some "»u\hm haw sbserved their involy cment. in

Northotf et al.
of subeorti
1Casens;

with self-relatedness of emotional pictures. Similar ohservations
with additional recruitinent of the wotu, the PAG, the dorsal
medial thalamus, and the colliculi have heen made hy Schneider
etal. {(submitted), though these rese; 13, unlike others, did not
include an explicit cogpitive compenent {e.g., decision sbout self-
relatedness) in the activation pir'ldi[n* itsel The involvement of
dxcxc subeortical regions — Iy the PAG and the tectum,
a elatedness has also been
poihmxtf\r] by Panksepp (19¢ TU98h; 2003; 2005a). Based on
their connectivily pallerm in recciving both mulliple sensory and
maotor allerences/ellerences, these regions may be crucial in
“relating” sensory und motor stimuli to the organism itself. The
process ol ‘ﬁhﬂr’ presupposes what I call seh related proces-
sing {Northoff’ & Eelm}mhl 2004; Northoff et al. 2006). Self
reluted processing concerns stinuli that are “experienced” as
“strongly relaterd” to the organism in its respective environmental
context. “Experience” refers to tl ub]ﬂtlw aspect of experienc
which is describad as the “phenomenal aspect” (Block 194
Chalmers 1996) and must he considerved preveflective as distin-
guished lrom relloction, for cxample, cognilive aspects — this
mirrors what MPH(PY calls te, unrellective experience.”
The torm “strongly related” points out the process of associsting
and linking intcro- and cxleroceplive stimuli with a particular
orgauistn or persors. The more the respective stnlus is associated
with the person’s sense of beloangingness, the more strongly it can
he relatad to the self. Ultimately, the self-stimulus relation resnits

in the “inmed ate, unreflect e};perj
called “mineness” or an “addition of the for me™
Marcel 20023, What | immediately and unreflectively experience

is therefore not only the stimulus itscll, consciousness, but also,
at the same time, myself as it is rvelated to the stimulus — this
has heen called pre-refleclive seli-awarencss. Accordingly, if
subcortical regions are supposed lo mediate conseiousness, Lhc\
may ulso wediate the sccurring pregeflectve self-awareness
thal may cxplain the afcrementioned invalvement of hese
regions i imaging studies of selfrelatedness.

What exactly happens in selif-related processing? Iow cau we
characicrize the lorm “process™® Instcad of comparing stimuli

Consciousness withoid a cerebral corlex

with an absolite measure of sell-relaledness. as refllecled in a
fixed and predefined self, stimuli are compared and matched
with cach other in lerms ol their fit and accordance. Certain
interaceptive stimuli A1 and malch well with pariicular extero-
coptive stimull, whereas they do not fit well with others. For
cxample, a highly aroused stress syslem causing a person excite-
mient does not match with a rather calm and relaxing environ-
ment — the person will consequently have some difficultios in
relating to this environment, which will therefore he designated
as rather pootly selfrelated. If, in contrast, the person wanty to
relax and calm down, such an environment will he designated
as highly self-related.  Acordingly, self-related processing
deseribes the matching and comparison belween intero- and
exterocepiive slimuli. This corresponds nicely o Markers’
deseription of the imtersetion botween action (body), target
(world}, and necds {(motivaiion), which he links with subcarlical
revions aud which are, according to hin, watched with each
other. Ile assumes s sensorimotor-bused  cgoconter to be
the result of this matching process and distinguishes it from
what he calls self-consciowness. Ilere T want to differentiate
his terminalogy. What Merker describes as a sensorimotor
based “ego-center” corresponds to what | and phennmennlogists
call pre-reflective self-awareness, an immediate and unrellective
experience of the bodily based organism or person within the
world. Whereas what Merker desceribes as
may be more correctly iermed “rellective sell-consciousnes:

Finally, Merker illustrates his hypothesis with the example of
people without cartex, so-called hydrancephaly. Ilis impress
description of these patients illustrates another aspect of sell-
relutedness, as charscterized in s pre-reflective These
paticnts arc well able o react to salieni stimuli in their cnviron-
nent, especially to those they are particalarly faniliar with, such
us thoeir pareats, Sclfrelatednoss may thus be considered o
special instance of salience in general, for example, social sal-
ience. By wmatch stero- and extercoeptive stimuli witl
regard to their belongingness to the person, sell-related proces-
sing allows the rerim. to react to and navigate within a given
cnvirenment and distinguish its varicus componcnis according
Lo their social salience. The case of hydranecephalic patients
thus illustrates that self-reluted processing may be cansidered
nothing bul social salience, and that it can be well proserved
even if one is not aware of it as such. Accordingly, self-relatedness,
allowing for social salicnce and navigation within the cnviron-
ment, must he considered more basic and fundamental than
the awareness of oue’s ability to experience oneself and w
navigale within ane’s environment. This means in neural terms
that suhcortical regions ave essential for CONSein1ISNess and
pro-rellective scll-awaroncss bocause otherwise no scli-related
processing would he possible. Although cortical regions allowing
for ur ability to become sware of consciousness and pre-reflee-
tive sclf-awarcness may be considered an additional function that
me to write this comment about the self, this, however, is
not ubsolutely wecessary for my whility @ constitare sel
relalednoss as sacial salienee.

iy

self
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Commentary/Merker:

Abstyact: Distegard of primary-process conseiousness is eademic in
nind seience. Most newoscientists subsciibe to ruthless reductionisin
whereby mental qualities are discarded in preference for neuron
tions. Such ideas often lead to envisioning othex animals, and all
other humans, as unfeeling zombies. Merker correctly highlights how the
roots of consciousness exist in auvient neural territories we share, remark-
ably homologousty, with all the cther vertebrates

A coriical view of consciousness has became so provalent that
several generations of research related Lo the subcortical foun-
dations of consciousness alwost disuppeared from reasoned
discourse during the last lew decades. Merker provides a long-
averdue corrective. He envisions how brainstenn functions are
foundutional for phenomenal experience as being wore thun
simply arousal.

Consciousness iy not critically related to betuy start; it is not
just clever informuation-pracessing. Consciousness is the expoeri-
ence of body and world, withont necessarily understanding
whal onc is cxperiencing. Primary phcuomcnal states have two
distinet hut highly interactive branches: (1) the ability to p
and orient in the world, and (2} the abi hty to feel the hl(‘!ogicﬂ
values of cxistenee. Merker has focused on the former. T will
focus on the latter — the primary affects, from hadily hungers
to cotional delights, B wo got the foundutions] issues vight,
then the sceondary and Lertiary layers of conscicusness — “the
ability to have thoughts about the world and thonghts about
thaughts — should beeane casier hard problews
Merker highlights subcortical vegions as affecting primary
ocess p(—‘lu—‘pt\ldl consciousness. Let e try to illomiiate raw
> experience. Is either of these more fundamental? In
mmd evolution, were the perceptual or the motivational-
emational components more cssential [or the cmergence of
experiential capacities within hrains? | would choose core moti-
vational and cmotional brain pracesses that symholize badily
values — the diverse rewards and punishments that guide beha-
vioral choices ‘um\mg organisms to seek comfort zones that
promote survival and avoid discomlort zones that hinder survs
T suspect the more ancient, medially conventrated interoceptive
motivational-emotional urges of the Drainstens were foundutional
for the more lateral zones that harvest external information for
guidance of behavior, Primary consciousness i Shewmon
clal.’s (1999) ncurclogically nmpmrcd children was most dramali-
cally ewdeﬂt in their affective presence.

Within the mesa-dicncephalic coniinuum, damage to the
medial components, such as the periaqueductal gray and sur-
rounding reticnlar zones, impairs consciousness 1wore thun comn-
parable damage Lo surrounding tissucs thal process exteroceptive
inputs {Panksepp 1998 19980, This makes evolutionary sense if
comsdiousuess was premised on fundumental survival issucs,
related quite (mccll' o organismic intogrily. The most vital
{least expel LLA[JIW pdﬁb of ﬂm b()d\ are the viscers, nearosymbu-
ions of the e SCIC pha-
nenroscientists since Hess

b and MacLoa (J‘J‘mr onward liave avcepted the existence
ala \‘chmT nervous system, which detects and hehaviorally elab-
orates bodily needs. Very medial homeostatic detectors (i.e., for
mwlale adjacent corc cmotional systoms
y tinctual-emolional “intentions in
aarde’s (1983) felicitous phrase.
iam James known aboul such ancicnl brain layers, he
1ight never have envisioned emotional feelings enanating from
periphieral sutonomic connnotions perturbing cognitive regions
of the brain —a theory that has captivated psychology to the

eive

i

present.  Dven  Dumusig { somnatic-marker
hypothesis — phrmr emotional feeling within  somatosensory
cortex - vemains a weak wor ing h\‘pm‘n That many

wsory loclings are claborated i msula is now well accopled.
little evidence that peripha m/ /mdi' i}7rlirm oF

5

So far, there is !
cmations precede and cause cmolional fecl
deeision-making (Hinson ot al. 2006). Had ]amcs known ol lhc
visceral-limbic brain, surely he would have dered th
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those networks generate emational feelings directly (Parksepp
1998a; 2005a). likewise, as far as we know, no Jamesian
“mind-dusl” permeates the universe.
' we envision three | mewncpphqh(‘ iencephalic lunctions
with (1) bud» need J< toctors situated most
<t

somatomator :pm('ewec for attentive tary gxﬂf QP\PP(’X()H and ddex th
uctions, we have a working image of pritsary process phenomenal
consciousness. Alfective conscionsness, comprised heavily of the
two hlglwmtem(-ﬁ\,e medial lavers, may suffice for some level of
cxperionee, probably  withoul sclf-awarcness. Surcly those
emotional-instinctual Tayers are of foremost importance for psy-
chiatry {Punksepp 2006}, ¥ in mataration, add
nitive complesitics cmerge upon the solid foundation of the more
ancient primary proces s Merker highligiits with the compel-
liny Sprague effect. Clearly, raw consciousness survives
to neocortical sensory and motor homimeuli

All mind scieutists should remember: Primary conscicusness
arises from the somato-visceral aperating systems of the upper
brainstem [Watt & Pincus 2004). Theve is mmethmg deeply per-
sonal aboul this kind of noural activity. This is wh our bodily
needs are felt (PJenton 2006) se hrain-mind abilities imbue
experienice with ownership. Perbaps subtie body representations
permeate these notworks of primary-process conseiousncss.
Sensory homumculi have understandably lost appeal as necessary
substraics of expericnee, and nol just because of the illagic of
infinite regress of observers. But more dilluse visceral
motor integrative hommmeuli exist in lower regions of the brain.
Just as Merker nceds an “cgo-cenler” at the core of phenomenal
experience, [ need u cobierent core-SELF {Sinple Ego-type Life
Form} — a neurobiological action “soul” — as a foundation for
experienced existence {Panksepp 1998a, 1998h!

There is currently little ne entific work on the biology of
the saul, hut a special issue of the Journel of Comparalive Neu-
rology (2005, 493:1-176), intriguingly entitled The Anatory of
the Sod, louus"d well on the subconwal do pLhc of bedily func-
tions, spiced with some discussion of mentality. \\h\ do most
neuroscientists remain impaled on the dilernma of how mental
ence could ever emerge from physiochemical processes
n® Tlis dilemnma bas engendered @ most muthless
isin — where  neuro-mentul - propertios  are

atnage

reduction
ovident in discussions of what cther animals do. Thus,

neurchehwviorisn still rules: Tn inajustrean
other wnimals are generlly regarded as litde more  than
zombhies. But this is an rmmWomr Al presumption rather than an
epistemalogical likelibood. By th{* cight of ewpirical evidence,
all ather mammals are senticnt bein nksepp 2005a). And il
we do not learn how to investigate these issnes in animals, we will
never have a detailed science of consciousuess. It is notew vorthy
that the centrencephalon vision emerged first from anima il
vesearch. Hopefully, Merker's powerfu! thesis will restore such
cminent concopls 1o consciousness studics.
nce we still Tive in ruthlessly reductionistic times, let ma
close with u few anecdotes. When we discovered an abundunt
ultrasonic vocalization {USV} during rat play, we eventally con-
Ccp‘uahzcd this social joy response as an ancesiral farm of laugh-
ter P'm»m’pp & Burgdorl 2003). When we (rst sought
publication in Nature, 1(’1*\'}0% fear-conditioning ressarcher tor-
pedoed us with this remark: “Tven il their inlerprelation were
true, they will never be able (o convince their colleagnes.” We
e\'é’vmaﬂ_y published the rathlessly rejected work elser
{Punksepp & Burgdo:f 1939
After we discovered that even comples behaviors such as pl
survive radical neo-decortication (Panksepp et al. 1994}
stumbled on sowething quite special in an undergradnate nearo-
science lab: Sixteen students were each given two adult
animals, one of which was neurologically mmrt the other nec-
decarlicated al three days of age. Aller two hours of froc

usuroscienc
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ohservation, the students had to decide which was which. T
the decorticates were identified as normals — a star
ificant mistake! Why? Because decortication had r
primary process emaotionality! ... a phanomenon known since
ihe late 19th contury. Decortivates are mors active, more appar-
ently cngaged, sometimes enraged, with the world. Gur neuralo-
gically nituct ats were more uhibited @l timid (worres on their
mind?)

I trust that Merker’s astute analysis will not fall on deaf ears
amony, many bvestigators who believe that wwareness awowing
you experience) is the sine qua non of consciousness. We can
all agree on the facts. When practically all higher-hrain regions
arc removed in animals (Kolb & Tees 2000; Pankscpp ot al.
1984} or congenitally absent in human children (Shewmon
et al. 1999), es. Such organisms
cxhibil a remarkable cmotional vitality of behavior, and it is our
responsibility to entertain that mentality stll exists in the rew-
wants of their braius. A scicnee that burrows its head opporiumis-
tically in the sand is a second-rate science

If we wish to sdientifically understund the nature of primary-
process consciousness, wo must study the subeortical Lerrain
where incradibls mhmt emational antd perceptual homologies
exist in all mammalian specics. Without work on animal modols
of conscionsness, little progress, aside from the harvesting of cor-
refates, can be nuade on this tepic of ultimate concern. T apprec
ate Merker’s imely reminder aboul the history of our discipline
and the need for a better understanding of animate life on earth,
than any form ruthless reduciionism provides.

core conscionsness  surv
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Abstract: L appeal to Merker's theory to motivate a hypothesis ab

of consvicusness: Creature consciousness is (at least partially
of phenomenal consciousness. Rather than elaborating the-
ories of phencmenal cansciousness couched solely in terms of state con-
usness, as philosophers are fond of deing, a correct appraach to
nomenal consciousuess should begin with an acconnt of creature
onscicusness

I

A traditional question about eonsciousness is whether preverhal
children have phenemenal experiences, and if they do, whal con-
vinces us that they do. In this context, congenitally decorticate
children are not even considered worth discussing. Yot Merker
argucs that {some} children with hvd(anc*)ccpha)v have phenom-
enul experiences. Ie bucks up his claim with an elaborate theory
supported by 2 wide range ol evidence. To make sonso of his
theory, we might need to think about the ontology of conseions-
Tiesy in a new wi

When philosaphers attempt to spell out what conscionsness is,
they typically fornulate the pr()l)ltm in tenas of so-called state
consciousness: What docs il lake for a mental stalo ta be an
expe encer Their most worked-out answers emplay two kinds
of ingredicnts: functional and represcotational. Their least
worked-out ans 11)99'1] to some rondition to be discovered
ts. Tor instance, pain mlg} t be C-fiber
firing, or Wl halc\'rr scionlists tell us. Well, Morker is a scionlist,
and be is telling uy somethinug,

Marker tells us that “primary consciousness™ has the function
of .ntegmhﬂg Sens information and motivations to select
turgets and actions. He adds that primary  consciousuess is

Consciousness withoid a cerebral corlex

constituted by the cture of the “analog rea simulator”
that fulfills this function. This may sound like a hyhrid func-
lignal-representational theory. But Merker's theory daes nat
say what il takes for & men! ial stain to he canscious. 1t is nal
even formulated in ternns of mental stukes. Furthermore,
Morker altribules consciousness to some congenitally decere-
brate children. How plausibile iy it that such children bave experi-
encos as we do? If we keep framing the question of consciousness
in traditional terms — that is. in terms of what it takes for mental
states to be phenomenally conscious — we seemn to face a
dilemma: Fither dacorticate children have the same kind of
conscions states that we have, and hence have phenomenal
consciousness, or thoy den’t, and hence have no phenomenal
lither way, Merker has not told us what it takes
to have such states. W m dismiss his theory as misguided
and pursuc our onlological inquiry as belore

Alternatively, we can tuke Merker's theory seriously and s
where it loads us, Merker says his subjoct tuattor is “the st
or condition presupposed hy any experience whatsoever” (sect:
1, pura. 2), or the “medium’ of any and all possible experience”
(scei. 1, para. 3}. Ie then gives us a delailed account of such a
medinm, couched in terms of nenval systems, their functions,
and their intcrrclations.

insofar as philosophers talk ahout anything that sounds like
this, it is what they sometimes call cresture conseiousness. For
present purposes and lo a first approximation, crealurc eon-
sciousness is whatever differentiates ordinary people who are
cither awake ar in REM sleep [rom ordinary people who arc in
non-REM sleep, in a coma, and so forth. T seems ¢ be
what Merker is theorizing about.

When il comes te understanding phenomenal consciousness,
s philosophers would maintain that creature cousviousness
is mostly irrelovant to the cutology of phenomenal consciousness
Aceording to the philesaphical mainstream, the ontolagical k
phenomenal ousa es i state consciousiies

Marker, how A is consciousn
most “hasic” sense. Perinm he is onto something. Perhaps crea-
turc eonsciousness is al loast partially constitutive \)fphnomcnal
consciousness. Whal would this mean? Most peaple agree that
creature conscionsuess is u necessary coudition for stite eott-
sciousness Prrhaps there is morc o creaturc consciousness
than that.

From the point of view of neuroseience, creature couscious-
ness is a global state of {part of) the brain — the difference
between ordinary people’s brain when they are swake or in
REM sleep and their brain when they are in non-REM sleep,
in a coma, and sc forth. My suggestion is that creaturs conscions-
ness thus understood U)nmiusdtledb*p;utﬂ the uum[uc al busix
of phenamenal conscionsness. In other words, a {(morve or less
large) part of what makoes a system have experiences is that it is
crealure-conseious.

Under this view, state consciousness may be understood as
follows: A stute is state-conscions if and only if it is the state of
{(a spalio-icmporal part of) a crcaturc-conscious brain, or
better, an appropriate kind of state of {a spatio-te mporzl part
of) a creature-vonscious brain. There remain, of course, two
important questions: First, what is the difference hetween
those states of creature-conscious beingy that are }‘Heuoméndﬂ
conscious and those that are not? Second, what else is needed
(if anything), besides vreature consciousness, for full-blown
phcqcmu)m consciousncss? An adequate theory of conscious-
ness would have to answer these questions
What kind of global brain staic Cmrc<ponds lo croaluie-
conscinusness? Is i physical, functional, representational, or a
combination of these? According o Merker, creature conscious-
ness is the product of an analag reality simulator that intcgrales
sensations and motivations o select turgets aud  actious.
Perhaps his view co : glossed as follows: When the simulator
is operating, the system is creature-conscions: when the simu-
fator is idle {for whatever reason: rest, breakdown, ete), the

consciousness

e
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yslem is creature-unconscious. Integraling sensory information
and motivations as well as sPTertiﬂg targets and actions appear
o be broadly functional and rcprescntational notions. So
Merker appears to be olfering a lunclional/representational
count of creatare couseloustess.

There is al least onc ather aption. Ferhaps creature conscious-
ness requires somne special physical properties, analogously to the
way water’s power to dissolve cortuin substinees an i not others
requires a certain molecular composition and molecular strc-
ture ut a certain tetnperature {of. Shapiro 20012 I cannot elubor-
ate further. Dilferentialing clearly between physical, functional,
and representational accounts of creature consciousness would
require an adequate account of the distinclion between the
physical, the lunctional, and the representational, and there is
no raom for that here

The present suggestion has cpistemological consequences. I
cresture conscion at least partially constitutive of
phenomenal conseionsness, it would be a mistake to develop the-
ories conrched solet Iy in terms of state consciousness
suying anything ubout areature consciousness — as philosophers
are fond of doing. Rather, a correcl approach to phenomenal
consciousness  should hegin with an  account of creature
consciousness.

Betore concluding, it may bhe helpful to distinguish several
different cluiins: {1} the brainstern is necessary to sustain and
regulate ercalure conseiousness {uncontvoversial), (2) the brain-
stem can sustain creative consciousness ]w\' itself {Merker’s
theory), {3 the brainstem can be the locus of conscious expori-
ence {Merker's theory), and (4) ¢ ‘UIG consciousness is (al
least part of) the mmﬂu-q al basis of cous experience

Thesis (3) is stronger than (2}, and Morker does litde 1o
support (3) as opposed to (2). (Do children with by hkmenwph‘
0 ito anything reseinbling REM sleep? Evidencs that they do
would support Dj. e intends to make a further claim:
{5} creature con s suffivient for phenomer
sciousness. Thesis (3) is even stronger than (4). However, in
light of nnconscious cognition, mdm]mﬁ phenomena such as
blindsight is hard o swallow without al least samc
qualification.

But we don’t need to aceept all of Merker's cluiws in order
consider (4} In [act, claim {4} can be motivaled on the grounds of
{2} or even (1) alone, and (1) al. If phenomenal
COnSCONSHess can oeeur \«1th ut a cortes, us Morker belioves,
then the challenge posed by (4} hecomes more forcefnl and
wmore difficult to a nld But, revurdless of the extent to which
we agree (o Merks we should consider the possibility
that {4} is correct.

W

ay
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Abstract: Subcortical substrates for behavioural integration include the
fore /midbrain nclei of the basal ganglia and tac hindbrain medial ot
cular formatien. The midbrein superior colliculus requires basal ganglia
disinhibition in order to generste orienting movements. The coll
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should therefore be seen as one of many competitors vying for control
of the body's effector systems with the basal gan cting as the

Umle\r.muuliw the brain’s fimctional architecturs is certainly key
ny the wystery of the coherence of behaviour, el
even, perlmn: conscionsness. in this regard, Merker usefully
draws our attention to subcortical systems as critical lodd for
behavioural inlcgration that may instantialc some form of
mp‘a cortical control. As we have previously argued (Prescott
ct al. 1999}, combining Penflicld’s notion of a cenlrencephalic
dimension to brain organization with a view of the brain as a
luyered control system provides a powerful set of explanatory
concopls [or understanding how Lhe verichrale brain architce-
ture hias adapted, with litte change to its basic “groundpla,”
w wany different body types and coolagical niches. The partivu-
lar set of brainstem substrates that Merker has chosen to empha-
siger seeins, however, somewlut curions, The roles of the
colli n orienling, the periaquaducial grey in hehavioral
patterning, and the ‘1VP’)H1“A|FL|THX~ in moti
versial, bul the promolion ol the eolliculus o the
apex” of processing lor larget selsction is surprisin g
gestion of the zona incertu (Z1) as « key locus for uction selection.
In our view, other cenltres, cither Sldk (i.c., both more rosiral and
more candall of Merker's “selection
iwportant in subserving these hoportant &
integraticn.

One such proup of structures ave the basal ganglis (BG). This
collection of fove- and mid-hrain nudlei, identified by Thomp-
son (1993} as a major companant of the nenfmn(e‘ph'}h( core,
is located in such a way that ity principal input structure {stria-
fum) is vostral, and its output stcture, suhstantia nigra (SNr),
candal to Merl “synencephalic hottleneck” The BG are
thevefore ideally placed to provide the required funncl from
distributed cortical processing to sequ ntial brainstem oper-
ation. Merker discusses the funclional role of the BG, primarily
in relation to this “data reduction” conlext, as providing action-
related inforation to the colliculus. However, the BG appear
1o he doing somcthing morc signilicant than simy
iculus with one of its several sources of afferent input.
the tonic inhibition provided by the SKr maintains

ver the capacity of the colliculus to generate orlenting
nwvemnents {Hikosaka et al. 2000). I the case of u visual stitnu
Tus, for example, this velo is only removed when there is suffi-
cient excitatory input onte the oculomotor region of the
striatum Lo cause inhil and, thence, disinhibition
of the collieular mator collicnlus itsell provides
afferent input {via thalanus) t') refevant strutel neurons that,
together with convergenl signals from corlex, the limbic
swt&‘m and elsewhers, “Hotermiius the significancs of the stinu-
las (Mecllaffe of sl 2005 It is thurduu, the BG, not the
collicnlus, that sees the full gamut of partinent, contextnal
iwdfonuation. and ix thus the dominant paurhier. Without BG
guting, the collicufus would initiste orienting to any target
that ﬁe\mﬂmted a strong, spatially Tocalized ph: i shmn\us
The BG add inle Tligence to this reactive process b <
orienting 1o |'n§h—*m plitude but uninteresting stimuli, and
enabling it to weul er, hut pﬁh‘ﬂh‘]l v more qm‘nﬂ(m\t triggers
A broad range of cmpirical studics, the lclica't proposa
and computational models (for reviews see Gurney et al
2004 Redgrave ot al 1999) support the propasal that the
BG operate as an action selection mechanism, not just for
colliculur contro! of orenting, but for competing seusori-
molor svsicms throughoul the brain. From this perspective,
the collienius is just one of many competitors vying for
control of the body's effector mechanisis, with the BG ay the
key arhiter. i

A remarkable feature of the BG is the homogeneity
intrinsic circuitry. This obscrvation adds woi;
that these nuclei implement a consistent fimetion despite

ation are not eontro-
“functional

iy be wore
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the fumctional diversily of hrain areas to which thay interface.
In contrast, the ZI, highlighted hy Me as a possible action
selection locus, is a very heteragencous siructure {Mitrofanis
2005}, Furthermore, evidence (ram lunctional siudies suggests
other possible modulating roles: for instance, Trageser ot al.
{2006} reporled ZI's involvement in gating asconding sensory
inputs according to the auimal’s current state of arousal.

Although the BG instantiate a dominant iutegrative contre in
the intact adult brain, stndies of infant and decerebrate rats
sugvest the p'(*:;em'(‘ of an alternative locus for action inte-
ration further down the neuraxis. A possible candidate, first
mmvmted hy the Scheibels (1987), is the medial core of the reti-
Cul;u formation (mRF). This hincbrain siructurc reccives inpul
rom many cortical and sibcorlical brain systems and divects its
output to movement generators in the brainstem and vpma?
cord. We recently sought to promale interest in the mRF by
elucidating ity unatomy (Ihnupluies et al. 2006). and by devel-
oping new simulation and robotic models of this structur
viewed as an action selection mechanism {Humphries et al,
in press). The wRI is orgunized as a set of lineurly arranged
cell ch(s\c. likened by the Scheibels 1o a “stack of poker

i press) we proposed, and demon-
strated in sxmuh tion, that activity in individual clusters may rep-
resent sub-actions — component parts of a complete behavior.
Fftective control by the mRF would therefore invalve
lancous activation of clusters roprosenling compalible sub-
actions and inhibition of clusters vepresenting incompatible
oncs. The mRT is a major targel of BG oulpul (via the pedun-
culopontine nucleus! and, in the intact adult brain, both systems
are likely t cooperate in deterwiving what bebaviour is
sod al a given lime. The relationship between the Lw
vornbine aspects of layered and  bievarchi
decomposition of control. Lavered, beeause  developruental
and lesion studies suggest that the mBF can operate, to some
degree, without wmodulation from higher brain
{including BG). Hierarchical, because patterns of mRF coordi-
nated hehavior could he selected & tote hy BG focal
disinhibition.

For Wilson (1925), the BG, Iving lowards the base of the brain,
had “the characteristic of all bascinents, ic. darkness.” Ithough
many windows have been opencd onle BG function since
i Ti, (Jther subcortical nucled resicde in subterranesn

g vaps in our laowledpe, Morker is right to
to rhc({*m some strictire amidst the rﬂ(mm With ragard to
his ap{*u'lg hypotheses, however, there is no cotpelling Teason
for viewing the 71 as the cenlral arbiter, or the collienlus as the
target selector. 1 the dark basements of the brain the hasal
ganglia dominate both.

sitml-
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Should the superficial superior coliiculus be
part of Merker's mesodiencephalic system?
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Abstract: The superficial suporior collieulus apgears o be a primitive
al analyzer whose function has been: taken over by the visual corte:
most completely in man. The phenomenon of bl mc ight shows th;
aliliough i, the sugerior aolliculus cannot by itsell provide conscious
tion in human | possible that, in ancncophalic ehik

dren, it recovers the role it }md n lowor mam: rmls.

Nowadays, we tend to helieve that all brain functions are loca-
liged. The resson is that modent techuigques — from unit

Consciousness withoid a cerebral corlex

vecordings in hehaving animals to [MRI in humans — are
geared to finding fimetions localized. 1t can hardly be other-
wise, because dala obtained by these lechnigues are pubusn-
able only il they lead to the discov 1y that Lhe particular
Dbehavior or funetion under study can be attributed to a
given slructure or ype of ncurons. Il the roscarch finds no
such evidence, the data will not be publishied. Thus i intro-
duced an obvious bias in our views, and it is mfortmate
because some fimctions may depend mare on cirouits of inter-
actions between different structures than ou the activation of
newrons in any one of these struciures partion The
target article by Bjrn Merker adapts another appmac‘h It is
a refreshing cilort of integration. The problem of conscious-
ness is amang the maost difficull, because consciousness is so
hard to define, difficult to test, and it seems fo depend on
the integrity of a number of lunclions {albeit none of them
absoltely essential in all sitations), sach as memory, percep-
tiom, attention, emotional concorn, language, and other motor
behaviors — aven langhing. Indeed, laughing happens to he
one of the criteria that Merker uses in evaluating the conscious
stalc of ancnccphalic children

1 think that Merkeri ﬂghtm pointing out that conscionsness is
ncither obvisusly nor ncecssa cortical {unclion. His ancedo-
tal ohservations of anencephalic children are impressive and
important. both from scientific and ethical viewpoints. Merker
stresses the role of a mesodicncophalic group of structures and
i agree on this idea, but I am a little surprisad to see included
in this group the superior eolliculus or, at least, its superfici
layers

The most superficial layers of the superior colliculns are
csscntially visual. Their organization is certainly more primit
than that of prinary visual cortex, but stll, it is topographic. It
is probably relovant to consider the phenomenon of blindsight
(Weiskrantz et al. 1974} in discussing the pessible participation
of the superior colliculus iu conscivusuess. Patients who have
a circumscribed Tesion of their primary visual cortes are blind
in the corvesponding region of their contralateral visual field
7 say thal they dont” perocive a visual siimulus proseaied
i that region. Yel, when forced o do sq, they can reparl the
presence or absence of such s stuulas with sarprising scearacy
Even features like size or oricntation often are “gucssed”
correctly. The phenomenon of blind couple of
reniarks.

First, hecanse conscions perception is lost in blindsight but the
superior colliculus is intact, it iy difficult to arpue that the latter
plays a major role in consciousness in an adult human hrain
Mayhe, in an anencephalic child, the superior colliculus has
recovered the function of visnal analyzer that has been trans-
forred to the cerebral cortex during the course of evolution.

Sccond, as visual diserimination is spared — at least partly —
but conscious perception is lost in human blindsight, il also
seems difficult to take the persistence of wisual discrimination

after brain lesion in primates as ovidence  relovant  to
consciousnecss.  Visual  discriminalion can  cxist  withoul
consciousnes

The superior colliculus has bheen one of the most
thm‘nuglﬂv investigated structures in rodents
Tats), and in monkey, in whom it pl
role in vision. In these species, the visual ph
apper layers of SC has been as abundantly studied as that
of visual arca V1. But, romarkably, we have much less inle
mation about the significance (it any) of the superiov collicu-
lus in man. There is remarkably littfe known pathology ol the
superior colliculus (e.g., in conlrast lo mave venlral structures
such ax the iuterstitial wuelens of Cajul, the medial longimdi-
nal fasciculus, the red nucleus, and retieular formal;on" Iiis
yuite conceivable, in fact, that the homan superficial superior
collicalus s no more thun a rowamt of an sl
analyzer. In contrast, the deeper superior colliculus is struc-
turally more lke the adjacent mesencephulic  retic

"
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formation and could, indeed, be a parl of the system
described by Marker.
The functional utility of consciousness
depends on content as well as on slate
DOL 10.1017/S0140525X07001136
Anil K. Seth
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Abstvack: This commentary considers Merker’s mesodiencephalic

proposal in relation i quantitative measures of neural dm mic:
sug,gested to be relevant to conscionsness. I suggest that even # ¢
nenzal mechanisms bum out to be subeortical, the fonctional utlis

continuous interaction of such mechanisms with a thala
envelope.

Merker's tar
live to currently dominant {thalamo-jcorticocenlyic proposals
regarding the loci of neural mechanisms underlying consci-
QUSHOSS. Tahnﬁ a quanu&alnp ‘)CISPFCH\” thi commonlary
challenges Me s claim that the functional utility of conscious-
ness is independent of the level of sophistication at which con-
scious contenis arc inlegrated. T also comment an the proposed
function of consciousuess 1 the coordination of motivation
action, and turget sclection, aud finally, T suggest some
cations for o human consciousness.

Al bportant step iz the evolution of scientific theory is the
development of uselul quantitative measures thal connect diff
ent levels of description. The scientific study of consciousness
requires such measures in order to goncralc cxplanalory links
bhetween features ol neural activity :md features of phenomenal
experience. Soveral recent stu wdies have  discussed  varions
measures of the “dynamical complexity” of neural activily, includ-
iny “neural complexity” (Edelman & Touoni 2000, Toneni &
Edelman 1998}, “information integration” {Tononi 2004}, and
“causal density” {Seth 2005; Seth et al. 2006}, These measures
the idea that the dynamical complexity of a neural systemn
veflects the extent to which the activity of its companenis is
ventiated (e, small subsets of a system are velativaly
wendent of each other) aud at the same tie stegruted
sets tend to hehave coherently).
Critically for theories of consciousness, the halance hetween
ntialion and iniegration is also a fundamental aspect of
phenomenal experience: Fach conscious scene is one amang a
rioire of possible conscious scenes (difforontistion)
oL is expericneed as & unil d whale {integration) {Tononi
& Edehaun 1998 Therefore, a well-speditied measure of dyna-
mical complexity can provide an cxplanatory link between ncural
andl phennmehm experience. Tmportantly, cortical net-
works uppear particululy well suited to generating neural
dynamics of high complexity (Sporns et al. 20000

The detailed description of mesodiencephalic mechanisms
provided by Merker raiscs the interest 3
dw\ﬂ(‘rphw( and corhicocentric madels could he (omp’nﬂl on
their propensily o generale complex noural dynamics. Although
such modeling work remains to e done, it seems plausible thata
model mesodiencephalon by itself would not support neural
activity of high dynamical complexity, al Ioast when compared
o a mode! thalanovortical s Previous computational
miodels of closely associated mechanistus that are also involved in
sensorimotor selection, such as the hasal ganglia and the medial
reticular formation, reveal dynamical properties appropriate for
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segregation  of muhiple competing  sensorimalor  streams
*inmphn?c et al., in press; Prescott et al. 1999). Such dynamical
sogregalion scems inconsisient with the integration mquucd for

gh values ol comples 1, the ﬁvaT size of mesadi
cophilic systems as compared to thalanocortical systems, in
terms of numbers of ncuronal clements, suggests thal the latter
should support dyisanics with greater diffferenstiation.

Ilaving d\ndnu s of high complexity is important not only in
a(‘ﬂmmh'ﬂz for fund qmn*m‘ aspects of phenomenology, but
also for supplying fuuctional utility. According to the “dynaic
core hypothesis™ of Edelman and Tononi (2000} and ils recent
extensions [ Fdalman 2003; Seth et al. 2008), the functonal
utility ol a complex ncural/phenomenal state is that il provides
a highly informative discrimination. By heing differentialed,
any given conscious state is distinct from an enormons reperioive
of olhm stales, cach rel differont combinations of internal
and external signals. B
can uppeur as distinct E
useful for the system in guiding action

This pusition differs from Merker's cluim that the functional
utility of consciousness “will turn out Lo be independent of the
level of sophistication at which the contents it integrates are
defined” {scel. ara. 6}, From the peint ol view of diserimination,
functional utility will correlate clos h the sophistication of
ins contents. A richly ated conscions seene will
provide a more inlormative and hence a more usclul discrimi-
nation than a comparatively |mp0\ erished scene. In ather words,
the functional ulility of consciousness should not be construed
Onh in terms of conscious “state” { a Pcmlmq on a continutum
ranging from coma to nonual alert w hefilne independent of
the degree of claboration of canscious “content” {i.c., hc richly di
ferentiated connpunents of each conssious experience). As Merker
mkes clear, subeortical mochaniss are pmpus(,d as a locus
fon the generation of conscious state, whereas conscious contents
TetLEin J(:pc'ntk'nt on cortex. Thus, even if critical ueural

subsirales turn out te he subcortical, the functional ulility of
consciousness will depend on cortical systems, as well.
Merker himsell argucs that consciousness is uscful for inle-

grating larget selection, motivalional modulalion, and action
sclectivn. This proposal marks o valable dq)urturm frowm muny
previcus sludics, which, possibly {or reasons of practical nceessily
and misplaced conceptual bypiene, treated th < overlapping aud
interdependent processes as being in principle separsble and
independent (see Seth [in press] for further discussion of this
issue). Merker's proposal can also be viewed in terms of disvrimi-
nation, hecause each integration can be thought of as being an
informati scrimination amaong a repertoive of motivationally
modulated sensorimotor mappings. Moreover, that such inte-
grations ave suggestad hy Merker to take place in a conscious
aualog reality parallels the dynamic care bypothesis in
proposing thal conscious qualia a h]gh -order discriminations
in a multidimensional signal space (Fdelman 2003}

Finally, it is worth considering the important gquestion of non-
human consciousness. A strong casc can e made that the ability
of organistus o verbally report conscious contents should not be
taken as anecessary criterion for consciousness { {Seth et al. 2005).
Rather, hy using fhirmans as a henchmark, a nimber of inter-
i ia can be identified, at both behavioral aud
neurophysiological levels of description. These criteria include
“informativeness” as mewsured by dvumnical  complexity.
Whereas in humans and other mammals the rok

ani dynamical
complexity may depend on the interaction of a mesodiencephalic
systom with a thalamocortical syslom, in non-mammals it may
depend on different anatomies, lor example, a dillerentiated |
eucepha]on in birds, and the optic, and vertical, and superior
lobes in ecphalopeds (Edelman ot al. 2003). In any case, by
shifting the “theoreticnl s spotlight away from cortex md towards
architectonic foatur thd‘ are couserved amony a wider runge
of species, Merker's article fies squarely in the productive
tradition of challenging bunan and mwanmaliay privilege.
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Raw feeling: A model for affective
consciousnass
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Absivact: ing tn unlock the seercts of consciousness, nearoseientists

»

been studdying ncural correlatos of sensary awareness, su
ingless randemly moving dots. But in the natiral world of speeios” sury
mI “raw feclings I Marker
comnects the brainstem with vigilance, orientating, wtional con-
sciousness. Ilowever, depending cn the brain’s pl ogenetic level, raw
focking tafes particutar forms.

LONSCIOUS .a:]./m*iw

Philasophical debate on consciousness is ageless, bul detailed
neurobiological models are a recent development. One of the
best umong the latter is global workspace theory (GWT;, Buars
1988}; which subscribes 1o the traditional dof canscious-
s as subjective awareness of mowsutary experience i
preted in the coutest of memorized past und expected fature.
Consciousness in the “cortico-centric” GWT is conceived of as
transient synchronized thalamo-cortico-cortical neural activity.

The GWT-like framework of Crick and Koch {1998 2003),
attempts to reduce consciousness to measurable properties by
cxplicilly lcaving out emotions and [eclings. Bul what remains
in such aceounts of conscionsness? Conversely, a growing hady
of theory maintains that the study of consciousness and
emolion will vicld now insighls (Damasio 1999; Greenficld
2000). The theoretical wnalysis of Merker, supported by his
noteble findings in hydrancncephalic children, adds important
impetus to this movemnent

Consciousness and emotion. Fundmnental insishts have been
gained by studying “purely cognitive” processing, Tt virtaalh
conscious experience carmios an affective tone (Ashton 2002).
This allective tone, designaled as “raw locling” (Panksepp &
Panksepp 2000) influences information processing faculties
such as atlention, memory, and decision-making, which have
heen associated with conscicusness in hoth (raditional and
contemporary theories {Baars 1988; Damasio 1999}

Pankscpp and Pankscpp {2000) broke the boeundarvies of
traditional theories of consciousness by proposing a double-
layered  model in a sceondary corticu-centered  form
supcrvencs on a subcortico-centered primary lorm of conscious-
ness. According to Panksepp and Panksepp (2000), brain
evalution shows that the secondary coguitive forms of conscious-
ness emerged from the primary affective fm‘mi Mareaver, they
argue that our “raw smotivnal experiences” are created subcorti-

cally and constitule the pmnor(]m\ neiral ground upan which all
forms of conscions P wcecimg are bilt. Emotions, therefore, do
rol mercly provide for “global valonce lagging i
realm, hut mediate the subject’s stralegic quest for aday
homcostasis in both immediate {c.g., huuger, thirst, fear,
anger) and more enduring timelrames {c.g., goal-dirceted beh
vior, dowinance status, attactnnent/bonding) (Schutter & Van
TIomk 200-4a; Van Honk & Schutter 2005). Tn the next subscetion,
a triple-lavered model of “affective consciousness” adapted from
Punlesepp {2000) is outlined. Tt might serve the
psychahiolag hmh(‘m of emhodied awareness in a
manner consistent with fhe compelling hyd wﬂ(s-plv alic evi-

e

T

wher

denee amassed by Morker  against the' cxclusi coriieal
madel of conscionsness
A model of affective consciousness. Consciousncss cvolved Lo

cnsurc adaptive homonstasis ’(quasio 1999; Panksepp &
Tunlesepp 2000; Schutter & Van Honk 2004b). The wechanism

Consciousness withoid a cerebral corlex

lies on the subject’s capacity o experience raw feelings of
ard and punishment, which e functional hehavioral
respanscs. This core fcature works togelher with the abiliiy to
detect {an hasis of metivaled attention) and (o evaluale {on
basis of instinct/cmotional memary) rewards and punishients
and lo make fino-tuncd decisions of approach or withdrawal-

related  action  {Ressler 200 mtter &  Van  Honk
2004}, Reminiscent of the trime brain theory of Faul
Machean (1993, we propose a theoretical framework which
SULCIPASSES thiee  detection-evaluation-devision  (DED)

devices that mirror phylogenesis observed in the instinctual
veptilian,  emotional  paleomammalian, and  cognitive
necomammalian brain {cl. Panksopp 2005a for a rclated bul
more slrongly boltom-up regilated 3-level model}. These DED
devices are concovdantly instinctual, emotinnal :
in nature, but their working is also orchestrated by raw [celings
that, depending on the level, come us instinetual drives,
cotional biases, and cognitively guided mood states.

ve zones wherein core brain wreas influence the content
[ allective i s. In the repiilian brain, DED pr -
of allcetive consciousness. In the roptilian brain, proces

VETgen

sing ocenrs at an instinctual brainstem level. For example, on
ils most primitive level, the vagus reflexively copes with threal

way M‘ immchi"iﬂf"nn behaviors such as passive avoidance
s evidence showing that parasyin-
mcr‘mlcd 1mmobﬂimLion behaviors are mediatod by
vaw fealings in the form of instinctual drives (a.g., Hofer 1994)
Thus, pnmoxdla; DED processing at the level of the vagus
nerve is instinctual, implicit, and therefore of a non-cognit
nature.

In the palcomammalian or cmational brain, the DED syslem
copes with threat by initiating fight/fight behaviors that are
modalated by neuroendocrine we Lhdnmm at the level of the
amygdala and hypothalamus (Van Honk & Schutter 2005). The
ivolvennent of the wmypdala in different aspects of affecti
pracessing i especially well documented. This small medial

©

temporal lobe stcture has extensive connections with all
major subcariical and cortical structures involved in molivation,
information

emotion, and emotion ﬂnlnm. Receiving
indireet
mus, the amygdala amc palcs in lsolh implict
forms of DED processing (Davis & Whalen 2001; LeDomx
2002). Orchestruted by raw feclings in the form of cinations,
the amygdala DEI1 mechanism copes with threat by initiating
Hight-fipht behaviors.

The neomammalian-cognitive brain possesses our highe
ovder cognitive faculties such as reasoning and language
{Duuasio 1994 s not zooted here bt
can be accessed T'\r] modulated in a top-down fashion (Block
1995). A brain structure hwportantly fuvolved in cognitive
cmotional DED processing is the orbitofrontal coriex (OFC)
(Balls 199492, which is highly interconnectad with other cortical
snd subeortical brain sreas. At the lovel of the OFC, motivated
behavior is cxplicit, cognilively controlled, and cffortlul in
nature. Behuvior also carries social features, aud the arsenal of
responses to challenges emploved by DEI include instrumental
acts wherein mmp\ex emation- mgmtmﬂ interactions take p!ace
Allof these are directed by raw feelings in the formu of coguitively
Taden mood states.

These sre the core principles of our perspective on affective
consciousness, a (riple-layered insiinetual-cmotional-cognit
adaptation that follows phylogeny and ontogeny of b
development and whercin roverberaling neurcdynamic affoeti
maps are continuously created at the brain’s phylogenetic les
These alfsctive mups constitute raw feelings on diferent proces-
sing levels in the brain — a wriple balance supporting global adap-
homeostasis bound into o unitary “\p< reuce, However,
drawing upon  Jacksons (1958) principle of dissolution,
Mackean’s (1990) notion of loosely coupled systems, and the
polyvagal theory of Porges (2001}, importaut insights can be

els
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Commentary/Merker: Consciousness without a cerebral cor
gained inlo consciousness by serutinizing onhnionﬂrﬂy separate
fimetions on hehaviaral and pnwm"omr levels. Merker’s story
s some of these insights and may conivibute importantly
to thearies on the “what and where” of consciousness.
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sasive nensoimaging in imans permits diveet invosti-
gation of the potential role lor inesodiencophal in conscicus-
¢ in the superior L\)")Lulus can be comelated with the
iousness, but it can be also identified for stimmii of
+is wnaware; and consciousness of some fypes of visnal
stimuli may not require the superior colliculus.

et

Merker presents  wide-tunging overview in which a centrul role
for the mesodiencephalic system in consciousness is proposed.
Specifically, it is sugpested that sctivity in the superior colliculus
SC} is nocessary for changes in conselous conlenl Lo aeeur, and
¢ in mesodiencephalic structures is sufficient to support
consciausness. In humans, there is increasing cvidence that
y in subeortical structures, such as the SC, can indeed be
correluted with the contents of consciousuess, Human SC is v
ally respansive in a reil ol opic {ashion {Schncider & Kastner
2005; Sylvester et al. 2007), and Merker L hli;’;hta our recent
demonstration that ot ng(,s i 8C .A(,tum
similar changes in activity in retinotopic ear! Ty visual cortex) are
comeluted with altered perception i a visual ilusion ind
by sound (Watkins et al. 2006). Voreover, other subcortical
structures anatomically adjacent and rnlosely linked to the SC,
such as the lateral gesiculale nuclous, show iuctuations in
aclivity closely correlated with changes in the cortents of
couscionsniess during binocalar rivalry (TLaynes ct al. 2005;
Wunderlich ol al. 2005). But alter damage lo human primary
SC activity can also be observed when moving

al stinmli wre presented in a blind hemificld {Sabaie et al.
1997). Moreover, such S{ activation can correlate with the
emotional content of faces again presented in the blind bemifield
(Morris et al. 2001}, Such processing of subjectively invisible
visual stimuli associated with SC activation can be associated
with residual visual sensitivity {or “blindsight”; Weiskrantz
997}, which in tum may be related to different patterns of 80
conmectivity in patients with b shit following hemisphercet-
omy (Leh ol al. 2006, Taken together, these dala suggest thal

-

R
activation of the wrewm colliculus alons is thevefore not suffi-
cient for awarencss, al least aficr damage to primary visual coriex.

The notion that aclivily in mo SO(hcnapham structures alonc
cient t support consciousn is chullenged by
Merker's [ascinaling personal obscrvations of the bel havior of
children with hydranencephal site these children appar-
ently lacking wost functioning cortical structares, a range of
behaviors is reported that indicates some degree of timited
responsiveness to their surroundings. However, caution is
reqt red belore concluding that these individuals are conscious,
and indeed, interpreting this as v Hecting preserved mesodience.
phalic {uncion. Ily dlancnccph 1 dcscubrs a range ol brain

i insi
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mallormations that may vary with respect 1o time ol onset, patho-
genesis, and organization of any cortical remnants that may be
present (Ilalscy 1987); and survival bevond six months is rare
{(McAbee el al. 2000). in the presenily reporled cases, the
extent of cortical damage is unclear, so the cxtent to which wny
behaviors reflect mesodicncephalie structures alone in these
individuals is not kuown Moreover, responsiveness to the
1 capacity exhibited by nearly any organisin
with a central nevvous system, and cannot be unambigiuonsly
taken as @ marker of conscicus: Verbal or manual reports
are generally considered the primary criterion that can estahlish
whether a nev(‘epf i conscions {Weiskrantz 1997). Such heha-
viors, do monsuaung mlcnlmnadk}; arc ol cmaxl{ ovident in
the present abservations and many of the reported behaviors
conld he generated unconscionsly or reflexively. This emphasizes
both the mﬂn ulty in determining whether an individual unable
or unwilling W pive verbal or msnual reports Is conscions
{Owon et al. 2006}, and the consequent need to explore the possi-
bility that non-invasive biomarkars of conscionsness might be
developed o permit such inference.

Three indireet lines of evidence also suggest that SC aclivation
in humans may not ha necessary, either, for changes in the con-
tents of consciousness Lo occur. Fusl, visual stimuli that stimulate
only short-wave-sensitive cones [S-cones) in the retina are clearly
visible (and indeed can influence attention and behavior,
ct al. 2006), even though the SC reeeives no dircet projections
from short-wave-sensitive cones and is therefore ilikely to he
activaied by such sl Sccond, although 5C damage in
humans can cause lateralized visual neglect (Sprague 1996) and
conseuent fuilure to represent the contents of consciousness in
onc hall of the space, bilalcral damage docs nol climinate aware-
ness (Weddell 2001). Finally, divect iutr ton of
hunan visual cortex that bypas
pathways can result in conscious visual percents (Lee et al. 2000),
suppesting that subcortical activity 1uay not be uscessary iol 4
types of awaraness. Although all these
ect, they raise the question of whether SC arhwt_\ is Chl(‘fl)r
necessary for all types of conscious visual pereept.

e picture thal emerges, at least in humans, appears to be
more complex than a simple identification of particalar parts of
the mesadicnecphalic syslom with a single role as a nceessary
and sufficient “gatekeeper” for the coutents of consciousiess.
Indeed, it scems nudikely that activity in any single arca of the
human brain will be sufficient for consciousness (Reas e
2002). The cousistent assoddation of chanpes in activity in SC
{and ather subeartical) structures with [luctuations in awareness
thus suggests that they may play a role as part of a network of
cortical and subcortical areas whose activity might represent a
minimally sufficient substrate for the contents of consciousness;
bt further rescardh is required.

cuvironient s
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Commentary/Merker:

Abstract: Merker offers a remarkable statemnent abont the neural inte-
tion essential to conscious states provided by the mesodiencephalon
The model for triangular interaction between action selection, target
selectinn, and emotion is hewristic. Unfortunately, there is fittle interest
{relatively speaking) ence in the mesodiencephalon, and atten-
ton is mucufl\ beavily divected to the telencephalon. This suggests that
there may be less real momentum than commonly assumed towards th
Holy Grail of newascience, a scientific theory of minel. dlespite the major
upsurge in interest,

Iis a greal privilege 1o comment an such a remarkable and bril-
liantly integrative essay. Although hits and I)IPPF“. of this argu-
et have been in the literature in varions forus o ’
the full and cxiended summation of them in the larget article is
origiual, and st the same time, tinely and badly peeded. Tt is
urgently needed at a e when the equution of consciousnoss
mth cortical Ranction, if anything, is only deepening in nenro-
science, panumm within copnitive nenroscience, where fune-
ing study after study generates images showing
‘pnmﬁm ty, albeit not e\(hhn?lw cortical activation
Neuroscience still lundamcnlah} lacks its keystone, a validato
theory of consciousness. | agree strongly with Me
and the complexity of the deep integrations tuking
place within many dozens ol brainstem <Lxucwuxcs and then
their Ult&'idlé‘imﬂ(ln with thalamus and cortex, we will move no
closer 1o the Iloly Grail of ncuroscicnce — thal is,
theory of mind. Thai consciousness must rest in same form of
neurodvnatiic integration seems the only i That it
might be ma ad in cortex hy higher frequency oscillations puta-
hwl\ inking distributed cortic Al Tegions does ot hielp us under-
stand what the requisite and essential neurodynamics of the
upper brainstem might he. Only the superior colliculus ($C)
appears to follow the gamma and beta oscillatory patlways of
corlex.
Merker's article starts with the central heuristic that conscious-
ness is 2 way of malchm&' needs with oppartunitics as parl of a
centralized interfa: on and larget selection. He describes
constiousiesy us ansmg out of & “motion-stebilized body—world
interface” {secl. 73, presenting polential targets for action, while
wotivational systems “bid” competitively into that interface to
both seleet targets and also to select actions. T beliove he is
correct that eonsciousness must hr ng mgefher target selection,
n selection, and otivation to optimize integration for
action in real ltime, with the integration highly adaptive and
1 on this basis. In other words, consciousness may
yomn intordigitation of atlention, action sclection, and
emolion /homeostasis. These concepls are very similar to those
I independently presented in a previous publication with a col-
league, and in an ASSC {Association {or the Seicntific Study of
Consciousness) electronic setiuar’ (Watt & Pincus 2004 Watt
1998}, Jauk Punlscepp has wlso scparately snggested that con-
scionsnass is dependent on the integration of sensory maps,
motor mups, aud homeostatic/affective information {(Panksepp
1998a), and Damasio has proposed somewhat similar nations
The issue he\rz is not © ‘hn came up with the idea fivst”
eseqrchers ave cor
.

8

d

a ncural

an 7fhxr Thux de spltc the chaos ?U the neuroseicnee c;f con-
sciousn a brazad-based conlluence of ideas is forming in a
still m(‘hc:&e form.

To ercate any kind of theory of conscious stale without first
considering how the brain might integrate sensory processin
and motor processing with emotional /homeostatic proc
scems a doomed venture. The phenomenalogical /bebavioral pri-
i jences such as hunger and pain argue that hotueo-
ound floor” ivolvement in the muchinery of
consciousness, consistent with selection mandating that ‘con-
sciousuess promote survival by prioritizing homeostasis. As the
simplest and most basic paradigm for consciousness, sensory
tems mapp an image of food, motor systems mapping
lrajeclarics Lo the food, and a homoostatic represcntation of

Consciousness withoid a cerebral corlex

metaholic shortfall must he in regisier with one anather in
order for an organism to do something as simple as eat when
cnergy is low, in the presence of food. I suspect this integration
ol motar and sensory and homeastalic operators may not anl
be tuking place between the \'ULllel pe 11‘11111(&1111@‘11 yra
(PAG and molor systems in the brainsiem as oulll mcd by
Merker, but also within the “extended reficular thalamic sctivat-
ing systen” {Newrnan & Baurs 1993) Therefore, itmight be more
arcurate to characterize these as “smart intagration systems”
rather thau as “dumb arousal systens.

This nation of the reticular brainstem as a “dumb arousal
system” is ecomplementary to the assumption that “conscionsness
is in the cortex.” The concopt of a dunil arousal syslem suggests
that the brainstem does lor the forebrain essentially what a
battery does for a light. This “dumh arousal” concept is a bagru
ging acks nwlcdgmcnl of the original work by Moruzzi and
: 491 on the reticular activating system, but it is far
less than tht: system-wide fnetional ntegration that Merker
argues is the real contribution of the mesodiencephalon. The
“dunb arousal” concept {in mwy judgment) may have actually
set hack {more than we appreciale) a truer [unctional under-
standing of the hrainstem and indeed of conscionsness itself
The “dumb arousal” concepl also gencraled a naive oplimism
that we could compensate for brainstem injuries that caused
severs disorders of conscions stemn or thalamic
clectrical stimulation therapics. By and large, these have been
Rp@rhmhﬂ\' unsuccessful. Perhaps we are missing something
Cerlainly such a simple cancept could de little justice to the fune-
tional comp‘ ity of the brainstem, which contains 40+ nuclei,
with u staggering diversity of connections, nenromodalate
and functional correlates.

A yuestion rarely asked about this concept for the reticular
Drajustesn s 4 nnnspn,u{w arousal system” is, “what doos
this really mean?” First of all, the notion of arousal as heing
“nouspeci clearly mistaken from the stasdpoint of
widely differential contributions (rom these many reticular acti-
vating system structures. Additionally. the nation of “arousal”
itscll has been used in several different ways: (1) any pracess
that increases firing rates of distibuted (‘oreﬂmin nalrons;
(2) affoctive arousal (as in states of augerh; and (3) global
stale shilts, such as inlo wakelulness d.;cammt' and various
stages of sleep. The first meaning (increased firing rates in
forchrain} is not an adequate cxplanation at a neurodynamic
ievel for the achievement of arousal in behavioral/affect
tertus, or for arousal o wakefuluess, as consciousuess cannot
be meaning(ully explainad hy the simple notion of “increased
firing o Forehrain neurons ymder brainstem  influencs.”
Ld:»ﬂ\, arousal, as in simple arousal w wakefulness, is uot a
mnte]\' adequate ﬁm(‘ﬁn"\'ﬂ corvelate for the extended RAS
foular setivating syston), us wakefulness is proserved in
P\S \ncrslskcn‘ v gchlx\c slaie), where no conseicusness is
present, often in the contest of extensive BAS-mesodiencepha-
Lie lesions. Tlence, “arousal to a conscious state” cannot be con-
ilated with any kind of simple wakelulness, and requires other
integrative functional mvelopes” {core/constitutive functions
of attention, intention, and emotion). Therefore, if “arousal”
simply means that stimuli generote coherent  behavioral
respunses {and signs of dear purposeful intent, emotion, and
attentional ff‘ﬂ"f’ﬂ?g’ this metaphor of “turning on the hrﬂwt:
begs crncial questions about how a vast wrray of braiustem
structures (and their conncelivitics) might underpin creation
of conscious states. In this sense, the assumed primary
funciional corrclale (“nonspecific arousal”) may be a non-
explanation. 1f" the axtended group of roticular  sysiems
enables coherent and purposeful behaviors to emen
ihe sysiem, then it cannos simply be “wrning on th
but nust be underpinning o plobel integration of finction o
the kind Merker outlines. The scientific challonge is now to
map out this process, instead of heing comfortably ensconced
it an ignorauce of which we are fargely unaware. Without
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more discomfort ahout that ignorance, we will fail 1o explore
these questions adequatelv. Despite impressive gains, we
know [ar less than we think we do.

NOTE
1. Email author for reprint of this article.

Author’s Response

Grounding consciousness: The
mesodiencephalon as thalamocortical base
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Abstract: My response addresses general commentary themes
such as wy neglect of the forebrain contribution to buman
consciousness, the bearing of blindsight on consciousncss
theory, the definition of wakefulness, the sipnificance of
cmation and puin pereeption for cousciousness theory, and
concerns  regas remnant  cortex  in  children  with
bydranencephaly. Further specific cs, such as phenomenal
and phylogenelic aspects of mesodiencephalic-thalamacortical
relations, are also discussed

ding

It was with some trepidation that I turned to the many
commentaries on 1wy target zuﬁule, but the constructive
tenor of collegial exchange and criticism that met me in
pages sustained me through my work on this
response. Six issues recurred with suflicient lrequency to
merit general treatment, namely, my neglect of the for:
brain contribution to human consciousness, the impli-
catious of so-called blindsight for consviousness theory,
questions related to the definition and mechanisms of
wakefulness, the nature of cmotion and its subcortical
organization, the significance of pain perception for con-
sciousness  theory, and concerns regarding remmnant
cortex in children with 11ydreulem'ephal'\j. I will deal in
general terims with each of these in tum before attending
to addifional issucs on an individual basis.

R1. My deliberate neglect of the telencephalon

Considering the set of commentaries as 4 whole, no single
issue appears to have caused more problems than my
atteipt to leave the forebrain on the sidelines while
cxploring whether any kind of phenomenal consciousness
might, in lact, be implemented at brainslem levels in the
absence of or withaul reliance upon telencephalic mech-
anisis. Ino different ways and to varying extent, a
number of suggestions, questious, or objections contained
in the commentaries by Aboitiz, Lépez-Calderdn, &
Lépez (Aboitiz ct al.), Bareelé & Kanight, Behrendt,
Coenen, Collerlon & Perry, Edelman, Freeman,
Gilissen, Morin, Morsella & Bargh, Scth, and
Waltkins & Rees concern my neglect of the obvious and
nuassive  conbibution of the teleucephal{m to adult
human consciousness. Let me assure these commentators

1o BEHAVIORAL AND BRAIN SCIENCES (2007) 30:1

that T harbor no greater doubts than they do about its
importance in this regard. Howcever, the topic clearly
anuounced in the title of my target article is wot that of
accounting for adult human consciousncss, hut whether
a conscious mode of Tunction is conceivable aparl from
cortical mechanisms. In order to explore that question, T
set out to search for grounds upon which some form of
phenonenal consciousness mwight prove to have functional
utﬂity at more basice levels of neural organization, and if so,
to try to identify neural mechanisms at the level of the
brainsterm that might plausibly implement such a mode
ol conscious function.

U found those grounds in the enhbunced
which I suggest can be acl

BCo01 chieved on the b
of intertacing target selection, action selection, and the
ranking of needs in what 1 call a “sclection triangle.” I
wenl on to propose that the triad of large struclires phys-
ically encircling the brainstom reticidar formation at the
level of the midbrain, namely, the perinqueductal gray
matter, the superior L'()Hicnh\s, and the substantia nigra
{or their non-mammalian homologs fanalogs), implements
avertehrate selection triangle, maost particularly through a
direct. mudual interlace of those three major midbrain
components in the intermediate-to-deep  {premotor,
outpid-oriented) layers of the superior colliculus (Fig. 4
of the target article), layers which, in tum, project to the
reticular fornation, I suggested, moreover, that the
format in which that interface is organized amounts to a
conscious mode of function.

Needless to say, the phenamenal aspects of a candidate
mode ol conscious function implemenied at thal level
would lack innumerable characteristics of adult human
conscicusness. 1 suggest, for cxample, that the “world” of
its target sclection domain would be deveid of three-
dimensional objeets, consisting instead of “a two-dimen-
sional screen-like map of spatial directions on which
potential targels might appear as mere loci of motion in
an otherwise featureless noise field” (sect, 4.2, para, 10),
[ cven suggest a concrete instantiation of such a phenom-
enolug\' in the synthetic stimulus geuerated by Stoerig and
Barth (2001). Such a visaal world might appear threadbare
to an aduli human surrounded by the three-dimensional
world supplied by his or her forebrain visual system, but
it would be a visual world nevertheless. Moreover, I
sketch a reason for why, even prior to forebraiu expansion,
consciouy access to such a simple world might be prefer-
able to dwolling in the dark night of wnconsciousness —
namely, as @ means to implement the sclection triangle
in the form of an analog newral reality simulator — and
how a svstem yielding such access might be structured.

My claim that the nested format proposed for the reality
sinlator amounts to @ conscions mode of function (sects,
4.2 and 4.3) obviously rcaches into the depths of defini-
tional matters pertaining to consciousness. and accord-
is unlikely to be seitled in the shorl term. Sullice it
to say that it accords well with the most global outlives
of our vwn sensory conscionsuess, from whose buplicit
ego-center inside our body we gaze out at our world — 4
world that remains impertucbably stable, despite the
body-based mobility of the receptor arrays which are our
sole source of informalion about a physical universe. The
key to understanding my entire proposal is this very
claim, namely, that a newral arangement which nests
a body map within @ world map around the origin of

ingl
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a shared coordinate system (all three together serving
ceonomy of orienting for the fulfillment of noeds) is con-
hx virtue of t»m very arrangement itself, irrespec-
tx\r‘ of its level of cognitive claboration. "This is beeause
such an arrangement nlqrm a “subject” (the implicit per-
cepls ml ego- —center under the inflience of motivational

bias)t in the presence of something other than itself

(body and world, however priwitively implemented), and
zwc()rdiugly, supplies the inherently perspectival (and
asymmetric) relation which 1 believe supplies the principal
diagnostic criterion lor consciousness as such (Merker
1997)

I do not expect this claim to be taken at face value by
Just stating it, but it is essential to realize that the question
posed in my target article is not “what is the neural organ-
ization of adult human conseionsness?” but rather m1ght a
lamprey conceivably be conscious, and il so, what might
this imply for the neural organization ol consciousness
more generally”” Considering thal, in ultimate terms,
the only consciousness for which we can ever Lave direct
evidence is our own, individual one, all such guestions
must of necessity be approached on indireet, circumstan-
tial grounds. \I\' target arlicle accordingly a highly
dmmcr sot of fmdmm and arguments drawn from a

range of disciplines spanning (rom comparative neurclogy,

to behavioral neuroscience, to clinical neurology in order
to sketch the outlines of at least cie conceivable, if still
tentative, affirmative answer to the lamprey question,
and to eduece some of ils consequences for our conceplion
of the neural organization of consciousness more
generally

Such a bid obvicusly does not amount to an account of

human consciowness in fudl flower, let alone to a claim
that its contents might “fit inside the midbrain,” as it
wore. My target arlicle claborales on the far more
limited aim just sketched, and by pursuing it 1| can
hardly be faulted for neglecting the forehrain contribidion
to consciousness and the mechanisiy that underwrite it,
however important thoy may be in the final analysis. 1
have not even committed mysalf in the target warticle to
an answer to the interesting and weighty question raised
in the commentary by Doeshurg & Ward: namely, o
what extent, il any, the putative phenomenal content sup-
ported by an upper brainstemn mechanisin along the lines I
sketch might, in fact, form part of the contents of normal
adult humau consciousne e my response tu their com-
mentary, furthor on). All I have \cntund to suggest is that
in the absence of a cerchral cortes, and upon its prenatal
loss more specilically, the brainstem might be capable off
supporting 4 form of phenomenal consciousness on the
basis of its own highly conserved and sophisticated
sensoryv-motor-motivational cirenitry.

R2. Blindsight, consciousness, and self-report

The approach just sketched would nevertheless be point-
less it it could be shown that the v
ph(‘nomcnal consciousness were, in prineiple, abolished
in the absence of all or some part of the telencephalic
machinery. The muoch debated issue of how so-cafled
blindsight might bear on consciousness theory has been
inteqn'etad by sone o do just that, and because the
issue was mentioned in this sense In commentaries by

Pi)bblblht\ of
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Behrendt, Glassmann, Piccinini, Watkins & Rees,
. and Doeshurg & Ward, a general comment is

reaching and low-level visual discriminatory V(‘f;par‘iiy
exhibiled by patienis with cortical blindness caused by
damnage to their geniculostriate visual system, It should
be \le(lr‘\' mcmfmzed that no mystery is attached to the
hasic fact that \‘mml nformation may “coutrol behavior in
the absence of a geniculostriate system: a number of
visual syslems complete paths from the retina to motor
control subcortically, and others — notably the tecto-
pulvinar system — do so by traversing extra-striate cortical
paths (Goodale 1996; I‘u)le 1991; Weller 1088}, The issue
of blindsight in consciousness theory concerns which of
these systems might support visual awarcness and which
anes do not.

1 the very pessibility of visual awareness were to be
abolished by striate cortex lesions, then primary visual
cortex would be necessary for visual consciousuess, and
this by extension would support & corticoventric model
for consciousness more generally (though oven then
Sprague-ellect type phenomena may complicate matters;
sce Poppel and Richards 19743, This issuc is controversial,
and has heen repeatedly reviewed (Cowey 2004; Pollen
2003; Tong 2003). We need not, however, enter into its
details, becanse a crucial set of findings on the star
paticnt of the blindsight xescarch, known as GY in the lit-
crature, has radically recast the bearing of these phenom-
cna on consciousness theory, Studies on this patient
accounl for a disproportionate share of the blindsight lit-
erature, and for yvears he maintained that although he
was awarc of * cnmothmv during stimulus prosentation

in his affeeted visual ﬁcld, it did not have the character
ol a visual pereept. However, by asking him {o maich

this “something” lo synthetic stimuli presented in his
good visual field, il has now been shown that his percept
nevertheless is a distinctly visual one (Stoerig & Barth
2001).

In this patient at least, a destructive lesion of primary
visnal cortex has not climinated the possibility of phenom-
enal visual consciousness in the ailected parts of his visual
field. Thus, uniil the blindsight phenomenon has been sys-
tematically subjected to the “matching” test, the presump-
tion should be that blindsight phenomwmena harbor no
radical inplications for couscionsness theory. There is a
further lesson for consciowsnoss rescarch in this develop-
ment: The availability of verbal self-report in humans
has been regarded as a fundamental ioo! and assel of con-
sciousness research, vet here is a clear instunce in which
reliance upon it has vitiated the inferences drawn from
cting laboratory studies. Verbal self-report by no
means provides a “gold-standard” for determining the pre-
sence or absence of awareness {a point also made by
Anand), par!lmum o in the many interesting circum-
stances in which putenhdl contents of conscicusness are
warginal, unfamiliar for a variety of reasous, degraded,
or near threshold,

It would be most natural and understandable if what GY
meant by a visual perceplt were something like a “visual
abjeet,” an instance of the Ndly formed threo-dimensional
ohjecl perception for which the cortical visual system
evolved, but which, of course, is not the only kind of
visual experience possible, The sample of the synthetic
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stimulus accompanying the Stoeriy and Barth report is
most illuminating in this regard, and is all the more inter-
esting from the preseut perspective, in that the percept is
of a kind that might plausibly be supported by collicular
mechanisms, Note also ihal even a methodological
advance such as that recenlly reported by Persaud and col-
leagaes (Persaud et al, 2007) will have to contend with this
diffi ult}' of lun}wmg what an experinenter’s question
dm—-s, in fact, mean to the person to whom it is A
problem familiar to anthrapologists. in sum, then, the cvi-
dence {rom studies of blindsight so far dees not show that
visual awarcness cannol exist in the abscnee of visial
cortex, and the phenomenon accordingly does uot elimin-
ate the p()ssﬂnh that  such n;xght be
implemented at brainstem levels,

R3. Wakefulness, responsiveness, and
consciousness

The concept of wakcfulness and its neural mochanisms
also caused some problems, specifically in comments by
Coenen, Morin, aud Piccinini. As often happens in the
technical employment ol terms taken [rom ordinary
Langaage, the technical usage “wakefulness” does not cor-
respond to what we normally mean when we use that word
in unsclfconscious speech. When we say that someonc is
awake, we ordinarily mean o include command of the
full range of facultics that tend to hecome available to s
when \kag up in the morning, thal is, seeing, hearing,
volition, and conscious fimctioning more generally, That
is not, however, the way the term is wsed in physiclogy
and neurclogy, and particalarly not when the term
Tulness”™ is employed in the context most germanc 1o our
topic, namely, in the definition and dlavnom of the voge-

talive slate {(Andrews 1999). Here {he usage is more
specific; an udividual whose eyes open as part of a func-
tioning slecp-wake cyele is said to be awake. In order to
[SiEn as “vegetative” this state of wakefulness must
cxclude consciousness. Lot us, for the sake of clarity, eall
this stale of unconscious wakefulness  “physiological
wakeliness.”

In diagnosing the vegetative state one must exclude the
possibility that in addition to being awake in this sense the
patient might ke conscious. The mﬂn‘ulf;gical tests for
cnvironmental responsiveness are motivated by this neces-
sity. They are employed as proxies for consciousness in
individuals belonging 1o a species whose conscious status
is unproblematic it exwpt in the context of certain notor-
ious thought experiments), and who exhibit belavioral
signs normally associated with cousciousness (nawely, an
cyes-open phase in a sleep-wake cycle), but who lack the
mpam{\' lor sell-report because of neurological damage.
Such rough and lcad) proxics cannal, of caurse, dr‘h\r‘,r
a relisble verdict regarding the presence or abseuce of
cousciomsness, Indeed, when clinicd pt)pu]zltimns diag—
nosed as vegetative by their routine use are subjected to
more rigorous serutiny, crroncous diagnosis is found to
be a frequent occurrence (Andrews et al. 1996; Childs
et al. 1993; Tresch o all 1991). Morcover, in overall
terms, the diagnostic error exhihits a consistent direction,
such that patients who are iu fact conscous are wore often
classified as vegetative than the reverse (a circumstance of
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some interest in relation to the issue of consciousness in
children with hyvdrancncephaly).

This, then the context for my use of “awake” and
“wakefulness” and “responsivencss” in the target article.
T careludly avoid letting the lerm “awale” stand lor “con-
scious,” but T always add {erms such as “seeing, hearing”
or other refereuces to experience when referring to 1 con-
scious mode of fanction. My appeal to sensory responsive-
ne: pxed icated on the clinical context vudined eatlier,
and it has as its background the role that is played by chil-
dren with h\dmnemephafy in my treatment. Tt figures in

my summary of the capacitics ol d(‘mr{lm(r mammals,

as well, for whom mussive anatomic: . physiological, and
behavioral homologies support the presumption o a con
scious mode of normal, waking, brain function (Seth et al,
2005). This makes the application of criteria derived from
human clinical experience a reasonable approach in their
case as well, at least provisionally.

That, however, does not mean that responsiveness or
purposive behavior as such, and without th( constraining
contexts just outlined, are relevant to the assessment of
the presence of consciousness. Spinal reflexes, the
various tropisms, and other forms of responsiveness exhih-
itod by plants and unicellular animals, and even nenliving
»\qlemc such as ih?rmmiai controlled central heating,
should be enough to dispose of that possibility, Respou-
siveness Lertdluly does not eutail consciousness, but in
certain clinical ecircumstances the prescnce of scnsory
responsiveness can move a patient from onc diagnostic
category to ancther. With that clarificalion, 1 hepe to
have (hﬂnﬂﬂmm(ed the uw.:;e of “wakelidness,” and, in
addition, to have removed any puzzement oecasioned by
my treatment of responsive and purposively moving
medusas as nonconscious, while at the samc time
ing that respansive and purposively maving chil-
dren with hydranencephaly are conscious (Behrendt).
Tn ultimale terms, the distinclion between conseious and
noniconscions can never be made in behavioral terms,
but hinges on the presence of a functioning neural mech-
anisin of conscionsn

sugge

A4. Emotion

The topic of feclings and emotions was mentioned in
munerous comumentaries, and served as the main theme
of three of them, namely those of Izard, Panksepp, and
Van Honk, Morgan, & Schuller (Van Honk et al.) Tt
also figured more indirectly in those of Morsella &
Bargh, Northoff, und Wi att, In ord linary language, feel-
ings dnd emotions are >(hnethmg one experiences, that
is, they are treated as inherently conscious phenomena.
As such, they are of central concem to any theory of con-
sciousness, and were lealured in the present proposal as
anc ol the three principal domains ol its selection iriangle.
The commentaries add a multifaceted treatment of the
topic far bey()nd its sketuh}f inchision in my target
article, and  the complementuﬁt}' and dgreement
between that of 1zard, focused on human data, and those
with a more comparalive cast, is a welcome reminder of
the conserved nature of the foundations of our psychologi-
cal make-up.

Each feeling/emotion
want to do different things

“feels differently” and makes us
(Sachs 1967; see ulso
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Devor). This is what I mean by their role as “biases” in the
ceonomy of consciousness, so well captured in the com-
mentary by Izard. His inclusion of “interest” among the
cmotions is well taken, and can be used to illustrate the
point. Tt makes us want 1o explore. Tn this capacity, il is
of central importance lo lelencephalic mechanisms of
learning, memory, and problem solviug, but it too has sub-
cortical moorings. They include the bhypothalamus
(Swanson 2000), the midbrain dopainergic system (see
the interesting summary in the commentary by Aboitiz
el al.; Bunzeck & Diizel 2008), the brainstem underpin-
nings of the navigation system (Sharp ol al. 2001), and
the mesopontine state control nuclel, whose important
chulinergil_ componeit is highlighted in the commentary
by Collerton & Perry.

The action-oricnted content of feclings femotions bears
on the question raised by Panksepp regarding how we are
10 conceive of the lirst ariging of conseious organization.
My suggestion is that the emotional, sensoiy, and aclion
aspects of cousciomsmess were linked from the outset by
providing the functional reason for a specifically conscious
mode of organization. Yzard points to the scnsory
occasions for emotional reactions, which, once aroused,
cxerl their rogulatory offccls on behavior. The “innaie
releasing mechanisms” of ethology, oflen subceortically
organized, supp ch scurce of comparative evidence
in this regard, Morsella & Bargh provide striling illus-
trations of how the action outcome, and the nced to
resolve polential conflicts between independent systems
in order to achicve it, is intimately related to whether a
cerlain process intrudes on consciousness or not. This
rationale may even extend to the visceral nervous system
mentioned by Panksepp, in that those aspects of it that
cngage consciousness would scem to be those that in
one form or another require action on the body or the
external world. Hunger and thirst. for example, inherently
engage all three components of the selection triangle, bt
even a vague feeling like intestinal distress may serve to
halt the further ingestion of food that may have been its
case (see Morsella & Bargh's commentary).

From these roflections on the topic of cmotion
addressed by these commentaiors, T turn to what
amounts 1o a modalily, which in a sense straddles the
boundary between an emotional and a sensory system,
namely, pain. In its ofteni-accurate loculizing (,',apeluity it
SeIVEes A SENSOrY fuanction, whern in its prepotent
hedonic  strength it cpitomizes cmotion. No  other
modality, save olfaction (which figurces in commentarics
by Freeman and Morsella & Bargh), comes even close
to this inherent coupling between sensory and affective
domains.

R5. Pain
Three commentaries address various aspects of the
complex of theoretical, ampix‘lcaL and clinical issues sur-

rounding the perception of pain at perinatal, as well as
adult stages of development (Anand, Devor, Brusscau
& Mashour). 1t is gratifying to have this response from
clinically oricnted investigators, bocause no phenomenon
casls the issues raised in my targel arlicle into sharper
relief than the experience of pain. The reasou is Presun-
ably the biological importance of the information it

Rasponse/Merker: Consciousness without a cerebral cortex

LONVEVS, serving to alert an animal to o condition whose
cantinuation would Icad to tissuc damage and wltimately
to death. The noviceptive system is uL'L'Urdingly given
high priority among the brain’s signalling systems, a pri-
orily reflected nol only in the mulliple mechanisms
devoted to it along the neuraxis, from spinal reflexes to
cortical representation (Frescott et al. 1099), but in the
hedonie stlength withy which it futrudes o cot USIESS,
Overall, the nain systevi delivers the most p(}werﬁ\l of the
cmotional-motivational “biases” governing the “nceds”
domain of the selection triangle T propose as the key to
conscious function.

The coupling of motivational urgency (need), appropri-
ate defens tion), and swift localization of
the offending source with regard to body surface and its
surrcunding space (target) is acute in the case of pain,
and accordingly, can be expected to make an early appear-
ance in the evolution of Tile farms, as well as in onlogeny
{in good agreement with the evidence lor prenatal n
setsitivity discussed in the commentaries). It must have
helped shape the “optic brain™ at the outset of vertebrate
phylogeny, and today we find it prominently represented
among the midbrain members of the proposed selection
triangle: nol only in the periaqueductal gray matter
{Behbehani 1993), but in the intermediate to deep layers
of the superior colliculus, as well (Bittencourt et al
2005; Mcllaffie et al. 1989; Redgrave et al. 1996a;
1996b; Telford ct al. 1996; Wang ct al. 2000).

An ipper brainslem implementation of a mechanism off
primary consciousness, skeiched in my target arlicle, may
thus help resolve some of the conceptual and empirical
problems encumbering an  exclusively corticocentric
approach to the experience of pain so incisively presented
and discussed in the commentarics. Parallels ae also
apparent with probloms surrounding the delinition and
diagnosis of the vegetative state. Tndeed, pain may be
the Achilles” heel of this clinical entity. When, for the
first time, a coma patient opens his or her eves following
a sharp cutancous pinch, and thas clinically qualifics as
lmving emerged into a vegetative state (assuming no
additional  scnsory  responsiveness), are  those  cyes
opened by “an unconscious brainstem reflex™® Or does
their opening signify the first lleeling emergence of the
patient into consciousness, propelled into that state more
readily by pain than other senses because its hedonic
and wrowsing power exceeds that of other senses for
basic biological rcasons?

Such questions may be difficult to answer, but they
deserve our alleniion, not only for reasons of basic
scienice, but because they ave fraught with conseguences
for medical ethics. Taken together, the three “pain com-
mentaries” provide a many-faceted and rich treatment
which brings both of these aspects of the topic into
focus. They substantially add to and cxpand upon the
perspective | have tried to artieudate,

Ré&. Concerns about remnant cortex

The commentarics by Coencn, Collerton & Feivy,
¥reeman, and Walkins & Rees cxpross concerns regard-
ing the possible role of remnani coriex in the capacities
expressed by children with hydranencephaly. The target
article is very ¢lear about its presence in these children,
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and gives a number of reasons why this factor is unlikely to
provide an adequate account of their behavior. One of
these is the coutrast between their vis as cr)mpzxrad to
their auditory rosponsivencss, for which an account
based on brainstem mechanisms provides a [it, whereas
a coriical one s not. Here, T only wish o add that the
thorough documentation and study of the capacities of
these children has barely begun, My surnmary account is
a4 pre]imiyurv one aud in no way definitive, tho‘wh it is
» hope that it may provide a stimulus for the systematic
I\md of study that e\eﬂhndlv will issue ina complehenﬂxe
account of their rapa.milm, including details about what
contribution, if' any, spared cortex may muke to those
capacities. There are, mo T, children who  live
without any cortex at all, and some are bom entively
without telencephalon (ancncephaly). Their capacitics
too await systematic study, which will help determine
the extent to which remnanl cortex may play a role in
hydranencephaly.

Freeman also asks about the extent of cortical removal
in the studies of experimentally decorticated animals. In
the studies by Whishaw and Kolb cited in my target
article ’lenror{ﬂ\' plus the partly allocortical cingulale
18 was always removed. Even more extensive ahlations
dn nol. necessarily aller oideomes in hroad terms. Thus,
the mating ability of decorticate male rats is not reduced
by imcluding the hippocampus in the removal (Whishaw
& Kolb 1983), and cven more radical damage, such as
tolal remaval of all telencephalic tissue, dacs rmi prevent
a rat from performing and feaming in an avoidance test
siliation \Uns(on & Tomaz T986). '”m, of course, does
not meau that decorticate auiimaly do not have deficits
(see. ey, Whishaw et al. 1981}, nor that different
cxtents of lesions do not make a difference in outcomes.
Rather, the bearing of these inlervenlions on the topie |
cxplore is that a basic level of differentiated and coherent
behavioral competence survives even complete cortical
removal,

The above six topies, then, cover my general response
to over-arching concerns reflected in the commentaries,
They raise numerons  additional that deserve
serious consideration. T cannol hope to cover them all
in this reply, but T will allempt lo deal with a sel of
further specific issues on an individual basis, in the
hope of dddmtf precision and perbaps removing some
n;xmpprthunsmns.

“

issnes

R7. Other specific issues

I am in perfect agreement with Barcelé & Knight's
detailed demonstration of froutal top-down nfluence on
the centrencephalic system. I would only add that such
conirol is exercised “in cortical {erms,” that is, on the
basis of cartical information, and that corlical information
nay not ahways be decisive for the global control of beha-
vior. Let us assume that while a macaque is reaching for a
manipulandun to deliver its verdict regarding a visual
pattern discrimination, it suffers a sudden, sharp sting
from an insecl which has worked its way into the labora-
tory undeteeted. The macaque will withdraw its hand
and Taunch defensive measures, some of which ma
initiated prior to the u)mpxetmu of a pleﬁuutdl infor-
mation path, My suggestion, far from novel (see Prescott
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et al, 1999, and references therein), is that some of these
“carly” offocts cngage mesodiencephalic  structures
served ‘:y effecior paths of their own, and that frontal
engagement belongs to the swift follow-up by which corti-
cal mechanisms assess the significance of the event. The
latter process would engage the entire circuitry outlined
in Figure 1 of the conunentary. Barceld & Knight's com-
mentary reminds us of how closely the sophisticated
attainments of cortical mechaniss are tied in to the
highly conscrved mosodiencephalic machinery, in this
case, specilically to the inlermediaie layers of the superior
colliculus, which figure prominently in my proposal.

Issues ulready covered in my first three general topics
1@})1—-ated Jppl‘, w Behrendt's commmentary. Some
further matters follow here. Behrendt refers to thalano-
cortically dependent phenomenal contents of conscious-
ness such as dreams and hallicinations and asks how
thoy might relate to the brainsiom systems 1 outline.
Such contents are of course thalamocortical (see my
respouse to Doesburg & Ward), but the superior collicu-
lus is fikely to be engaged under these circumstances no
less than is the inferior colliculus. The superior colliculus
does not remain passively open to sensory allerence irre-
speelive of stages of Lhe sleep-wake cvcle or lovels of vigi-
larce. Tike ihr, thalamocertical cnmp]e,, it is yoked ln
sleep-wake cycles through projections from the mesopon-
tine state control nucler, and its unit responsiveness and
intrinsic interactions arc cxquisitely scnsitive to sleep-
wake stages, as well as to lovels of ancsthesia, someth
which applies to its deeper lavers in particular (for
recent examples, see Brechl el al. T999; 2001; Wang
et al. 2000},

The possibility that mesodiencephalic mechanisms
implement a first form of conscious function docs not
rob unconseicus processes of plwm ta hide. As the com-
mentary by Torsella & Bargh makes clear, the cerebral
cartex itsell is one of these “places.” The hasal g ganglia are
another, and there is toom left for them in the mesodien-
cephalon as well, because the stuctures | invoke sceupy
Unly part of that territory. Nor should the cerebellum be
averlooked in this connoction. The ahstract diagram of
my Figure 5

I3

5 includes three different and bi-directional
principal interfaces for unconscious aclivily, explicitly
voted in the legend.

Behrendt misrepresents my position on the nature of
the evidence for consciousuess in children with hydranen-
cephaly by joining a quote from my text to 2 context to
which the quoted words clearly do not helong, As refer-
ence lo the larget article (end of Tth paragraph of sect.

) will show, it is the “absences”™ of absence epilepsy in
these children that T call “a weighty piece ol evidence
regarding their couscious statuy” and not their expressions
of pleasurc or cxcitement —a very different mattor,
indeed.

Finally, the ego-center that plays a erucial role in my
scheme should not be identified with self experience, if
the latter is taken in its reflective sense (see Note 1, and
Northoff). I invoke, in this connection, a striking
cxpression of Schopenhauer’s. Reference to the page |
cite will show that 8chopenhauer there says cily
what 1 claim him to be saying, Bchrendl is corroct,
however, in identi ing my position regarding consciois-
ness with thal of philosophical idealism, though T prefer
not to use the term on account of the history of
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controversy, misunderstanding, and misuse with which it
has been burdened.

My general comment on my neglect of the forebrain in
the target article, and the comments on wakefulness, apply
lo Caenen’s commentary. Tere, T only want to note {
Meeren el al, (2003, cited in the iamﬂ article) differ
from Penfield (md Tasper regarding the mechanism of
absence epilepsy, principally by demonstrating  that
abwence seizares can be initiated from cortical locations
{something for which Penficld and [asper had seen no ovi-
dence when stimulating the exposed cortex electrically,
afthongh other forms of seizure wore thus induced; Pen-
field & Jasper 1954}, and not with regard to the involve-
ment of subcortical struetur HE

Besides recalling my usual caveats regarding my neglect
of the forcbrain, Docsburg & Ward's commentary gives
me the opportunity to address the issue of how one is to
conecive of the relationship beiween a putative brainstem
mechanism of primary consciousness and “thalamocortical
consciousness” n ;quvun’ncnal terms. I skirt this isste in
my target article, which gives ouly the most rudimentary
sketch of some of the circuitry that rclates the two anato-
mically, but does not venture (o suggest whal might follow
in phenomenal terms from that relaledness. Docs any
aspect of mesediencephalic phenomenal content “show
up” among the contents of adult human consciousness?

I assume, as a matter of course, that the contents of
adult human consciousness are largely products of the tha-
lamocortical complex. Considering onr visual sensory con-
sciousness alone, it is cast in the format of a panoramic
three-dimensional world [filled with shaped objecis in
complex mutual relations, The telencephalon is needed
to stage such spectacles, whether one relies upon an
avian “wulst” or a mammalian neocortex to gain entry to
them (el Edelman). lmagine now using a clever projee-
tion system which allows onc to supcrimposc on that
scene elaboraied by the lorebrain an appropriately
scaled midbrain rendition of the same scene. The
phenomenal content of the latter, [ have suggested, may
resemble “mere loci of motion in an otherwive featureless
noise field” (sect. 4.2, para. 10). As such, it would have
nothing substantial to add (o ihe cortical phenomenclogy.
In fact, it might nol even be delected in m(‘h a superposi-
tion, though it niight be detectable by appropriate psycho-
physical procedures,

If for uo other reason than this “d rﬁng‘ h_\r’ ontrast,”
the phenomenal content of the mesodiencophalic mech-
anism is unlikely to make much of a contribution to the
phenomenal content ol creatures equipped with a
massive thalamocortical complex. Yet, as the relative size
of this complex shrinks with diminishing encephalization
index across mainmals and beyond them into vertebrates
without a ncocortex, that contrast will diminish apace,
with ever more of a relative contribution to phenomenal
consciousness being made by the upper brainstem moech-
anisin. This is my alternative to the assumption that func-
iion “migraies” from midbrain to forehrain in the course of
phyl logux orticalization of function”), an issue dis-
cussed with reference to consciousness by Sewards and
Sewards (2000). My alternative obviates a need to invoke
any form of aclive suppression of the midbrain contont
of consciousness as encephalization progresses. Fvery
function stays intact where evolution provided a neural
mechanism for it; vet, as new, sophisticated mechanising

Rasponse/Merker: Consciousness without a cerebral cortex
evolve, synthesizing ever more impressive “reality sinu-
lations,” interest or focal awarcness naturally dwells
where the richest information exists. In our vase, that is
the forcbrain, whercas for a lamprey, it is likely to be its
multimodal tectum.

Given that I incline to discount a substantial contri-
bution of midbrain coutent to the phenomenal content
of intact, adult himan conscions contents, how is one to
construe the fact that at the same time T hold that the
mesodiencephalic system is “integral to the constitution
of the conscinus slate”™? The issue deserves a fuller discus-
sion than T can provide here (see also my response {o
Watkins & Rees), but in all brevity, the reasou is that
the tandem arrangement of zona incerta /superior collicu-
lus is an integral part of the real-time logistics of the func-
tional cconomy of the forcbrain. By heing tied in to the
relevani hm’hel order nuclei of the thalamus through
direet and prominent projections fram both collicads
{excitalory) and zona incerla (inhibilory), this tandem
arratgernent is bound to affect the actual moment-t-
moment composition of the contents of adult hunan con-
seiousness. In light of the ubiquitous intrinsic inhibitory
connectiv of ihf- zona incerla, iis role in this IPQ‘U‘(} is
likely 1o include swilt and categorical decisions among
rival contenders for awareness al a truly global level of
gating (substrates for which are scarce in the thalamocor-
tical complex itself, though this issue too deserves o more
thorough discussion than 1 can provide here). In view of
the rmc‘lm(\ siraddling commissiral connectivity of the
zona incerta stressed in the targel arlicle, this global
gating should extend across the midline, a point of
potential importance for our understanding of neglect
syndromes (“extinction on double simultancous stimu-
lation”; scc Bender 1932),

Insum, thce s there, exerling powerfid synaplic
effects on the higher-order nuclei of the thalamus (Bartho
el al. 2002). Tn view of this, #t would seem that no account
of the newral mechanisins responsible for the moment-to-
moment composition of the contents of human conscious-
ness cau be L‘(}mplete withonat incorporating the zona
in(\“rm,’cnpm’mr colliendns  tandem  circuity in its
scheme. T intrudes directly on Torebrain lumeiion. not
by adding its own phenomenal contents 1o the forebrain’s
contents, but by supplviug directly to the higher-order
thalamus o ruming account of its own dual distillate of
widespread convergent afference. Since the thalamic
nuelei they addross T push-pull fashion arc those most
directly tied to attention, rmﬂlcct and consciousncss,
input {rom lhe landem cf rmuhy forms part ol the
bulunce of forces through which rival claims for awareness
are seltled, and, i my proposal has any merit, even helps
settle them. T am suggesting, in other words, that the
mcsod*cn(ophaln, circuitry is an integyal part of the fune-
tion of sclection in the thalamocortical complex, which
Doeshurg & Ward briclly discuss in their linal para-
graph, This would make the midbrain, and not the
dorsal thalamus, the “hase” of even the most elahorated
mechanism of conscivusness, in good agreement with my
proposal that it is from that base that it orwmal\' cxpanded
by the addition of ever more snplnstjcatcd circuitey from a
rastral dircction.

Gardner’s commeniary brings up a number of issues
at the inlerface of robotics and decision theory relevant
to the theoretical background of wmy perspective. In my
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target article T use “optimize” in the sense of “achieve
savings,” rather than in any mathematically defined sense
of uptinudit‘v The claini is that e {ulpped with the selection
triangle interface, an animal will achicve a more officient
deployment af its orienting behavior than would be poss-
ible in its absence. Tts very purpose is ellicient real-lime
mynagement of the many trade-offs and compromises
enforced bv the nmltiple needs, actions, il targets thdt
must find mwatches as opportunities present thems 5
over time in a lively and wmprodictable world. W 1th

regard 10 the seminal comtributions of Brooks it should
be noted that his programmatic introduction of layered
control architectures specifically excluded the kind of
niechauism [ propose. Awong Liis guidiug p}incip]es we
ﬁud ittle sensor fusion” and “no central models”
{Brooks 1986, conciscly summarized in Prescott ot al.
1999). Massive sensor fusion is ms ifestly present in the
superior collicnlus of all veriebraics, and is incorporated
direcily into the “central model” of my proposed “analog
ity simulator” {its mlak)g nature setting it apart from
ry such model cast in the form of svmbolic represen-
tation, it should be noted). The only way to introduce
such a “central model” withowt prejudice {o the consider-
able advantages offered by layered control is Lo pla(‘(‘ ils
nodal machmew at the hwhec\ level of the control archi-
tecture, and let its output contribute what is more akin
to a bias than a command in the control of behavior, as
in the present proposal. Hence, the cmphasm 1 *)la(c on
identifying whal in facl canstitutes the “highest lovel” of
the vertehrate brain in control terms (rathor than in cogni-
tive ones). That, of course, does nol mean that T° ]nc,(
adult human consciousness in the midbrain, What I do is
to locate the “base” of the thalumocortically expanded
human reality simulator in the midbrain (for which, scc
my rosponse o Doesburg & Ward). Concerning the
possibility of “in silico consciousness™ sce my concluding
remarks.

Regarding Gilissen’s query about self-recogniton, 1
refer to my first and third general responses, with
further details in my response to Doesburg & Ward.
Gilissen's faseinating account of the compoetences of
jumping spiders reminds us thal analogy (similar soludions
to similar selection pressures) is the companion io hom-
ology (similarity en account of shared ancestry) in the evol-
ution of life forms, This makes it unsafe to assume that a
conscious wode of function will be found only in omr
own cvolutionary vicinity. It also tells us that the familiar
relations of the vertebrate brain plan will give us little gui-
dance when we go oudside our own phylum locking for
tellow conscious creatwres. If wmy suggestion that the
savings offered by the selection triangle drives the evol-
utivn of consciousness has any merit, we would neverthe-
less not be groping entirely in the dark when embarking on
such cxcursions. A neural interface between action sclee-
tion, targel seleetion, and mativation, and in command
of Un'enti’ng‘ would be the first thing to look for, with scru-
tiny of its formal coming next. Gilissew’s account of
Jumping spiders tempts me to go looking for such an inter-
facc in a species of Portia, and | thank him for putting me
on its trail.

Glassmann raises and alludes {0 so many interesting
issues that a lengthy essay would be needed to cover
their full sweep. Let me therefore picl: out a few items
only, ITis observation of a transient dissociation between
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pitch and yaw components of orienting in cats with large
cortical lesions is interesting from the point of view of
the L'entmlit} gned to au intermedate sphen‘czll coordi-
nate system for orienting responscs in my treatment. He
asks whether intermodal and intramodal plasticity occurs
in the mesodiencephalon itself, and the answer is indeed
ves, For u striking demonstration of intermodal plasticity
in the tectum, see Hyde and Knudsen (2001). The je
is relevant to the question of leaming in children with
hydrancncephaly, alluded to in my target article. The
important topic of working memory and its close relation
10 CONSCIGUSNOSS, ﬁnally, was giwn {ar oo cursory a treat-
ment in my target article. Glassmann helps remedy this
shorteoming, with additivnal reference to the tupic bt-ing
yrovided by Aboitiz et al. and Bareel6 & Knight.
Krauzlis provides a concise summary of cxperimental
evidence hearing on a collicular role in target selection,
with special relerence to its causal role, Particularly
useful is his careful delimitation of what we know with
some assurance from still ansettled issues. Oue of these
is the extent to which the colliculus wight reflect decisions
made clsewhore rather than make them itself, an issuc also
raised in the commentaries by Barcelé & Knight and
Prescoll & Fumphrics, 'l hore is na doubt about the pro-
minence of ils nigral and frontal cortical inputs in this
regard; vet, considering the vast diversity of aff
verging on the colliculus below its stratwn opticam, and
the richness of interactions taking place within the collicu-
lus itselt, it would seem that these sources might not

always be able lo delermine ouicomes uniguely,
TTowever, as Krauzlis points oud, thal is an issue on

which evidence is needed, promising auother instalhnent
in the unfolding story of collicular competence so well
summarized in his commentary.

I have repeatedly ro icrred o the commentry by
Morsella &Bal ¢h, and here Twant (o add only afew com-
ments, Their concern with idenlilying processes within the
overall economy of brain function that enter conscicusness
and those that do not, and what may account for the differ-
end El p«)\\ferfn]‘ toul in coming to grips ith the nature
and function of consciousness. | made some halting steps
in this direction in a previous publication (Merker 20053),
and find the examples provided by Morsella & Bargh lo
be both striking and apt. The appmath could be extended
into the Loml)lldtwn of a systematic inventory of such

“included” and “excluded” finctions. Their suggestion to
cxploit timing relations is well worth pursuing. 1t is an
interesting, fact in this connection that the dircet retinal
projection 1o the colliculus and the very indirect one via
lateral geniculate, visual cortex, and thence to colliculus
are roughly matched in their collicdar “arrival time”
(Berson 1688; Waleszezyk et al 1699). In terms of the
approach morc generally, 1 would hesitate, however, to
rely direetly on the more extremce of the time cstimates
prm'ld(‘d by Libet (see Libet of al. 1979}, on account of

the pruble]tl> encumbering their mteqnet(ltlun (Pockett

006, provides an entry to 'hw issue)

,\I) general commnents on deliberately neglecting the
tulcn(cphalcn (commissures included) and comments on
the term “wakefulness” both apply to Moxin's commen-
tary, but some \pocn ic crrors contained in it deserve
additional notice. TTe mistakenly asserts thal my definition
of conscinusness excludes its sell-refllective form. Tn my
use of the Indian “scale of sentience” for defiuitional
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purposes, I say that “Each “stuge’ in this scale, from mere
cxpericnced sensation to sclf-consciousnoss, falls within
th'(‘, L’()IUPH }fl'()ll&(fi()llf’i}li a8 ht‘l‘t‘ daﬁnt‘d, ‘(uld PFE'SHP’
poscs it” (target article, scet. L, para. 5). Its fourth stage
reads. “So this is T who am affected by this which is se”

(sect. 1, para. 4}, an admirably concise formudation ol

self-reflective awareness. I go on to refer to animals with
advanced degrees of encephalization as the likely posses-
sors of this forin of awarensss, In my defindtion I include
all possible forms of consciousness “from mere cxperi-
enced sensalion o sell-consciousness.” making this a
“broad” definition, whereas Morin prefors to exchede all
but its self-reflective (“full-blown”) varieties from serious
consideration.

Self-reflective consciousness iy certainly a worthy topic
of study, and if my reference to it as “akin to a luxuy”
seems disparaging, T apologize. Bui to be conscious is

nol. necessarily {o be sclf-canscious cven in the case of

adult humans, as Morin himsell has uselully pointed owt
in connection with its intermittency in eve day circunl-
stances (Morin 2006, p. 366). Moreover, by neglecting
the distinetions drawn in my general comment on wakeful-
ness and responsiveness, Morin erroneously claims that
ncurophysiological evidence has supported the conelusion
that consciousness is possible withoud a corlex for quite
some time now. It is only for “physiological wakefuluess”
that such agreement exists, a state which is a presupposi-
tion for consciousness but does not include it (sce my
general comment on wakelulness). 1t therefore falls
ontside the eompass of my definition of conscionsness.
To avoid the danger of misidentilying aspects unique to

a specialized fonm of conscicusness as generic attributes of

consciousness itself, a broad sampling of valid

sxenplars is

desirable. Morcover, a focus on “full-blown” instances
raises the question “whose Tull-blownn Arc we lo

cxclude patients with global aphasia from cxhibiting any
awareness worlh our consideration because they lack
“tull-blown™  human  consciousness, which  perforce
includes language competence? Better, then, to first
abstract o common denominator of conscious states from
their many forms (Morker 1997), and let what they share

rather than what divides them inform our conception of

the natitrre of conscious function.

As far as I can tell, Piceinini has understood the main
lines of my proposal. With reference to his fourth para-
graph, 1 lm})e that it is clear that I think that the conscious
contents of children with and without hydrancncephaly
differ, though both are of a phenomenal kind. | do not,
however, think that the distinction hetween them relates
to the philosophical distinction between creature con-
scinsness and state consciousness, The reasnn is that [
think MeBride (1099} was correct in pointing out that
the philosophical distinetion is in the nature of a gramma-
tical difference pertaining to how we use the word “con-
sciousness”  in different  situations, and  docs  not
correspond  to different  psychological or  ontological
kinds of consciousness.

Prescott & Humphries’ challenging commentary gives
me an opportunity to clarify some essential aspects of the
“selection triangle” sketched in my proposal, because they
have misrcad ils components. These are not hypothala-
mus, periaqueductal gray, and colliculus, nor does the
zona incerta replace the basal ganglia as the principal
mechanismn  for  action  selection i my  scheme.

Rasponse/Merker: Consciousness without a cerebral cortex

The action selection vertex of the proposed selection
triangle is cxplicitly assigned to the hasal ganglia, as
follo “The third member of the selection tn':tngle
cnters this system through the prominent projections
from the substania nigra (o the intermediate collicular
ayers [refs.]. Ilere the final distillate of basal ganglia
action-related information is interdigitated with the latti-
cework of histochemically defined cowmpartments that
vrganize the input-vutput relations of the fntennuediate
colliculus” (sect. 4.2 of the target article). "lhat is, hypo-
thalamus and periaqueductal gray are both part of the
“motivation/emotion” vertex of the triangle, its action
selection domain being oceupied by the basal ganglia by
of the substontia nigr: with the superior colliculus
itself supplying the target selection vertex,

1 did not introduce the sclection triangle as a mechan-
ism {or aclion selection, bid as a mechanism of conscious-
ness. As such, it takes the oulpid of action selection as only
one of its three principal inputs; and by interfacing the
three within a te  bamework tying
together ego-center, body, and world, it delivers a
higher-order informational quantity (say in the form of
a veclor in a multidimensional space) that is added as a
final optimizing bias to 1he global control of behavior, prin-
cipally as a means ol enhancing the economy of orienting
behavior, That coutrol — action selection  included —
could and perhaps would take place without it, but with
a reduction (of unknown magnitude) in the officicney of
the overall deplayment of orienting behavior towards the
satisfaction of needs. according to my proposal.

A more precise specilicalion of the “higher-order infor-
mational gquantity” generated by the selection triangle
awaits the formal modelling of the neural reality simulator,
and ultimately its mathematical formalization. Presum-
ably, dynamic interactions al the scloetion iriangle inter-
[ace are such as o define a unique location within it at
each successive moment of psychological time, a location
which, informally speaking, would indicate a direction of
“prevailing concern or preoccupation of the moment.”
Such matters are, of vourse, not always reflected in overt
behavior, which is onc of the diffieultios in dealing with
consciousness rather than hehavior. The closest that T
can come 1o a generic characterization of its nature at
this point would be “consequentiality,” if one includes
within the scope of that term both mnate and acquired
gr(mnds fur what might “matter” to au animal (for an
acquired aspect, sco Morker 2004a, pp. 572-73).

It is as a mechanism of sclection among competing
moment-lo-moment hids for this hypothetical quantity
that the zona incerta offers a highly suggestive connec-
tivity, rather than for selection among actions the Tves.
The zona incerta adds @ second external source of inhi-
bition of collicular circuitry to that of the substantia
nigra. The lunctional consequences of this doal external
inhibition in the selting of the incomplelely known com-
plexities of intrinsic collicular cirenitry are currently
unkuown and need to be elucidated before we can know
who might dominate whom (and in what circumstances)
in the intricacics of mesodicncephalic  conncetive
relations. For example, T do not think it is safe to assume
that there arc no conditions under which ene or more of
the numerous excitatory inpuls converging upon the cal-
licubus might not carry ;,ndl strengths juinﬂy sufficient
to penetrate even a combined nigral-incertal inhibitory
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screen. It is even difficult to know whether the notion of
a single hegemon is applicable to the complex dynamics
animating this ri(;hly interconnected territory.

None of this, of course, casts any doubt on Prescott &
Humphries' conclusion that “the BG [basal ganglia] are
therelore ideally placed {o provide the required lunnel
from distributed cortical processing to sequential brain-
stenn (}pemh(m Distributed  cortical processing s,
however, only une of many sources of information (xlonu
the neuraxis converging upon the mcsodlcnccphalon.
and according o the logic of layered control, the telence-
phalic level sometimes may have te resign ilsell to being
overridden without even bun' consulted when 51unfds
n—-ga,rd.mg elemental necessities <1Lt1\ te «qu.xﬂ) e]emeuml
brain stem (or even spinal) remedies, as illustrated by the
account of the multiple levels of control governing defen-
sive hehavior oflered by Prescoll and colleagues (Prescott
ot al. 1999; see alse my response (o Bm’ccln & Knlcrhl in
such cases the coriex is, ol course, informed, bud © ‘Uier the
fact,” as it were; see Merker 2003, p. 9

An astounding diversity of direct afferents from the
cntire length of the novraxis converge on the deeper
reaches of the superior collicuius, as well as on 1he zona
incerta, both of which would scem ta enjoy a truly global
or “synoplic” view ol CNS activily (see Fdv ards L.,)Q()}
and references therein; Mitrofanis 2005). Let us remen-
ber, also, that the early vertebrate striatum lacked
globus pallidus and ventral tegmental arca/substantia
nigra oulput system proper. I relied instead on the
nuclens tuberenli posterioris and the ventral thalamus of
comparalivi !enmnn]ogy io iranslate its decisions inlo
behavior (Grillner et al. 2005 Pombal et al. 1697;
Smeets et al. 2000). The zona incerta of mammals Is a
direct derivative of this ventral thalamus, and supplics
an, until recontly, unsuspeeted source ol powerlid GABA-
creic inhibition to both thalamus and colliculus. Our
understanding of functional relalions amang mesodience-
phalic shructures will remain incomplete until its contri-
bution has been systematically charted.

Bie- 1edlug my account in the hght of the coumettary
provided by Prescott & Humphries, 1 can see that in
my targel arlicle T could have made a clearer distinction
belween the arguments by which T seek to establish the
general point of the mesodiencephalon {("optic brain™) as
a nexus of superordinate control revolving around “inte-
gration for action” (not to be uquated with action selection
proper). on the once hand, and the additional — and con-
ceptually distinet ~ discourse through which 1 introduce
my selection Lriangle conception of the mechanism of con-
sciousness, ou the other. By partly assimilating the two 1
may have invited some of the misunderstandings T have
triad to dear up here, aud I thank the authors for giving
me occasion to be more precise about the unigue contri-
bution 1 think a reality cin,ulator cast in conscious
format may make i the brain’s functional cconomy.

The u)mmentdn by 8¢ hL\g__, reminds us that mammals
have {added: collicular Tay above the stratum
opticum, which covers the surface of the colliculus in
other vertebrates. The role of this superficial colliculus,
and ils relalion to the deeper s has been much
debated in the past. Tn some ways it resembles a displaced
thalamic  nucleus intimately ielated 1o the posterior
purtion of the higher—ord&r thalarnic naclel, Bat it is also
connected to the deeper lavers anatomically (see. eg.,
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Behan & Appell 1982), a connection which is fusctional
{Doubcll et al. 2003; Ozen ct al. 2000), and is unmasked
by bh)cking inahibsite Ty infliences b}‘ bicueulline (Tsa
ct al. 1998). As a dircet contributor to the deeper layers,
the superlicial colliculus belongs to my scheme, {hmrfh
i agreement with Schlag’s conclusion, the selection tri-
angle interface of that scheme involves the deeper layers
yrefereutially. I have cousidered the 1>ea_n'ng of Mindsight
on couscivusness theory in my general comments; and
comments related to Schlag’s suggestion regarding phylo-
geny in relation to hydranencephaly can be lound in my
response lo Doesburg & Ward.

Seth gives a concise summary of one coherent proposal
for whv the nnigue connectivity of the cerebral cortex
should be accorded a central place in the constitution of
consciousness. As mentioned in my general introductory
statemnent and in my response to Doeiburg & Ward, T
am in full Agmr\m(‘nl with assigning it such a role, as
long as that rale is not taken to exclude the possibility
that a conscious mode of function may be irplemented
by other means, Naturally, when I state in the introduction
of the target article that the functional utility of such an
allernative implementation is independent of the sophisti-
cation with which its conlents are claborated, 1 mean only
that it possesses functional utility, even in a rudlmentary
unplementation, and not that increasing its sophistication
would not enhance its utility,

‘That cortical conneetivi possessos a distinctive “signa-
ture” with interesting characteristics has been rc»(‘ak‘d by
measures of “mudual information” and other quantitative
methods in the studies cited in Seth’s commentary. But
how are we to lnow that this signature provides a better
fit with the characteristics of conscicusncss than with
alternative functions, other than on intuitive grounds?
We have no metric by which to assess the type of camplex-
ity possessed by consciousness, and in the absence ol a
quaniilative method for determining “goodness of fit”
between the two, ulternatives might be worth considering,
Onc such alternative is that the g l_,laph theoretic character-
is of cortical connec ity wm\jde an Uptlmal strcture
for information storage in memory, alnn« |mm [ have pre-
sented in an earlier pume{lon (M Tn fact,
the combination of differentiation w l“] miegmiion in cor-
tical conmectivity would seem to i lirectly in that feli-
citows combination of item specificity with classificatory
generality in memory storage, which I there propos
anique advantage of specifically cortical connectivi
'The issne scems worth exploring further.

The commentary by Watkins & Rees adds much valie-
able detail and « number of challenges. Of the lutter. the
ones hased on blindsight may at least in part support a col-
teular vole in awareness rather than chullenge it, i light of
the demonstration by Stoerig and Barth (2001) that GY is
not phenomenally blind in his affected visual ficld (sce my
general commont on blindsight). That is, the collicular
activity seen in connection with stimulus presentation
in whai was formerly referred to as CY's “blind” field
may be the very neural activity that, i fact, coustitutes
his visual pereept, though other possibilitics are not at
this time cxcluded. Since GY was also the subjecet for
the cxperiment involving emolional faces cited by the
commentators, the new bli indsight resulls may allect iis
inlerpretation, as well (see commentary by izard, and
Beddy et al, 20606). Note, in this connection, that the

ty.
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deeper lavers of the superior colliculus receive afference
from cmotion-related brainstem circuitry (sect. 4.2 and
Fig‘ 4 of the target ;:rticle), an integral aspect of the selec-
tion triangle scheme.

(,mwexmngihe S-cone example, nothing T am aw
having stated implies a collicilar role in which, say, direct
atference from a peripheral source is a condition for its
responsiveness to information ~1mplied by that source, as
if the collicular system worked in isolution prior to inw oke—
ment in a change in conscious contents. On the contrary,
musch information reaches it indirectly, and it was above
all its massive reeeipt of monosynaptic cortical allerence,
in layer upon layer throughout its depth, that I had in
mind when gesting that it supplias an ential step
in the process by which one content of consciousuess
replaces another. It lies as an interposed filter in the
path by which the descending oudput of layer 5 pyramidal
cells roturns 1o the cortex via the higher-order thalamic
nuclei, afler drastic compression in the mesodiencephalic
bottleneck. Tt is in this pusition that I eousider it to le “in
the loop™ of a process that constitutes the contents of adult
human conscionsness, as discussed in my responsc to
Boeshurg & Ward and lurther on here. "The direct
path from cortical layer 5 to the superior collicudus s
also a Dnieniw factor in conscious Perch‘s evoked 1 oy
direct electrical stimulation of the visual cortex, mentioned
in the comuientary,

The casc lcportcd by Weddell (2004) was cited in
passing in my target article for its oxtension of evidenee
for the Sprague offcet to mans, The rarity of comparable
studies alter neurological damage focused on the colliculi
(itself rare, of. commentary by Schlag) makes it important
indeed, but its details are LUIJ]PIIC ited. The patient exhib-

ited a stage-wise sequence of neglect (eft or nvht depend-
ingon ~lag(‘ ndl n!hc‘rp(‘t(‘r‘piual changes wmrmivd with
the growth of a dorsal midbrain tumor in combination with
{rontocortical damage incurred during emergency shuni-
ing, In the course of its progression, the tumor nvaded
tho thalamus, and the cxact extent of collicular damage at
different anatomical levels and stages of progression is
unclear. Weddells account of his ﬁndmgs is a torr-de-
force ol neurological inference, bud it had ta rely on numer-
ous assimptions for which direct evidence is lacking, That
said, the case provides evidence on the consequences
of collicular damage. which in some respects supports
the collicular mle in adult lman consciousuess that 1
have suggested, and in other respeets requires its revision.

It is noteworthy that the upper brainstem tumor damage
exerted iis primary effect on the type of fovebrain func-
tious tested in assessing neglect, which reflect competitive
and selective processes in a number ol ways (see, e.g.,
Geng & Behrann 2006, Bender 1952). As 1 hope w
have madc clear, above all i my response to Docsbuig
& Ward, it is not by adding any conspicuous phcnomcnﬂ
content of its own ta forchrain phenomenal consciousness
that I regard the mesodiencephalic system to be integral to
the constitution of even adul human consciousness, but in
terms of affecting ity moment-to-moment cowrposition
through just such competitive and sclective processes. 1
reler 1o the special velation of the zona incerta/superior
collicidus to the highce-order thalamic nuelei in this con-
neclion, and Weddell invokes the leclo-pulvinar and
tectreticular systems in his acconnt of the IAPU]BLt find-
in his p‘meut, in agreement with what I propose.

re of

Rasponse/Merker: Consciousness without a cerebral cortex

Watkins & Rees are perfectly correct, however, in
pointing out that the results of visual ficld perimetry in
this patient run counter to oy }n‘edictiou that “one
conscious content will not he replaced by another
without involeement of the mesodiencephalic system.”
The detection of a stimulus in the perimeter involves the
replacement of one conscious coutent by another, and,
assung that at least the colliculus was, in fact, u)mpk
tely fhsu)nn(-mfed from the thalamocortical ({mq)le\ in
this paticnt, this replacement of conscious content would
have taken place without ils assistance. Since there were
contont replacoments that did depend on colliewlar invol-
vement (ie., those constituting the patient’s neglect
5},‘11&].1‘0:11&-), it seems that distinetions are ne v
regarding which types of content replacement, in fact,
arc dependent upon the mesodiencephalic mechanism [
outling. A hint in this regard is provided by the nature of
peorimetry, in which stimuli ypically are presented
singly, and thus do not require competitive selection pro-
vesses — processes which lie at the heart of my couception
of u selection triangle. Though further research is
indicated, I am indebted to Watkins & Rees for alerting
me (o this need (o reline my cenception of the interaction
between  the  mesodiencephalic and  thalamocortical
syslems,

With that, I have come to the end of niy comments on
specific issues on an individual basis, As the attentive
reader will have noticed, a considerable portion of these
responses has been devoled o clarifying misapprehen-
sions and correcting mistakes. No commenlator should
therelore feel slighted by not having been thus noticed.
On the contrary, that is likely to indicate large areas of
agreement hetween us. I have, however, benefited from
cvary commentary, and thank cach author for their
contribution.

R8. Concluding remarks

The large nmmber of commentaries alluding to wy neglect
of the torchrain illustrates the point made in my target
article concerning the hold that a corticacenlric perspec-
iive exercises over curreni thinking aboid conscinisness.
As ail be seen from my reply to Doesburg & Ward
(scct. 7. para. 8), such a perspective mav cven have merit
in the case of adult human consciousness. My concern 1
that it fails to provide adequate guidance to the comparative
study of consciousness, as well as 1o our understanding of
the status of brain-damaged patients with regard 10 con-
seious function. Let mie summarize, then, iy position in a
way that would not have been pos ible without the stinmr-
lation provided by the many and varied commentaries
"The corticocentric perspective can, in roughest outline,
be rendered by a formula according to which the brain’
mechanism of consciousncss consists af’
based system of wakefuluess™ (in the sense of physiological
wi akefulueav plus “a  cortex-based  svstern of con-
sciousness.” My sense is that this formula needs to be
differentiated  along two dimensions, one pertaining
to systems-level organization and one to phylogeny. To
begin with systems arganization, 1 think that the brainstem
contribudion o consciousness is a dual one, and nat single.
On the one hand, it supplies an enabling finction respon-
sible for maintenance of the waking state in the seuse of

BEHAVIORAL AND BRAIN SCIENGES (2007) 30:1 g
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physiological wakefulness as part of the sleep-wake cycle,
"This is the brainstem function 1 refer to in the target
article as unpm}ﬂenmtl(, and well-established, fr)ﬂo\wnu
the pioncering work of Moruzzi and Magoun (1949). In
its modern incarnation, il consists of the mempnnline
state control nideei {adrenergic locus coeruleus, cholin-
ergic peduncualopontine, and laterodorsal tegmental
nuclel, and serotonergic dorsal raphé) plus the ascending
reticular sctiv ting system (itself o cnmplt'\ eutity, as
underscored by Watt).

Te this T would add a second brainstem {inction, which
on its own, in the absence of cercbral cortox, may supporta
primary form  of phenomenal consciousness. Tt iy
implmu«-nted, 1 sugyest, in the stactural cumplex T call
the selection triangle, composed of periaqueductal gray,
superior colliculus, and substantia nigra, surrounding the
midbrain  reticular formation. The  deeper colliculus
supplics a core interiace between these three, in intimale
interaction with the zona incerta. To this dual brainstem
organization, the thalamocortical complex adds an ever
more sophisticated expansion of phenomenal content
over and above the upper brainstem primary mode, in
accordance with the relative extent ol encephalization in
different vertehrates. This expansion eulminates in the
elaborate perceptual and cognilive contents of conscious-
ness exhibited by highly encephalized mammals, « content
which, in a few forms, includes self-consciousness (great
apes and perhaps a fow species of cetaceans), with
humans uniquely adding Imgn agc, as well.

tneephalization, then, intr roduces the second, phyloge-
nelic, dimension of conceptual dilferentiation, in the form
of the consequences that different degrees ofencephaliza—
tion entail for the nature of conscious contents. Some cal
cgorical differences in conscious contents, such as that
botween a capacity for  scll-consciousness  and  its
absence, arc matters intrinsic to the telencephalon, reflect-
ing different degrees of elaboration of the thalamocortical
x;'omplex. a watter that was no more thay mentioned in
passing in my target article. All vertebrates have a telence-
plmhm, ﬂnmgh of elst(mndingly different relative size. Tt
follows that differcnees in conseious contents hetween
different species will largely reflect differences in telence-
phalic organization between them. By comparison, the
primary mode T suggest to be common to them all on
account of highly conserved brainster circuitry would
exhibit less variation across species (compare, liowever,
the colliculus/tectum of a tree shrew or an owl with that
of a lamproy!). Regarding the relationship between the
phenomenal rontent. of the primary mode and that of
the consciousness sexving a highly encephalized mweammal
Qll«‘h as om‘w]\?c see my response (o Doeshurg &
 pard. 8).

At the cnd of this odysscy, I return to the motaphor
introduced carly in my tarcot article in the form of the
tndian seale of sentionce. r\ conscious mode of funclion
organized at the bruinstem level wounld, T suggest, be suffi-
cient 1o encompass its firsl two “siages,” up to and includ-
ing “this is so” {say, stimulus direction with respect to the
animal, qualitatively different emetions and their degrees,
ete.). In light of NortholT’s incisive analysis it mwfhi even
extend into the third stage of the seale. The thalamagarti-
cal complex would cover an elaboration of its first three
es, and in some highly enceplalized species, would
add the fourth stage as well. At whatever stage of
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sophistication, these contents are coherently organized
in nested fashion around an implicit ego-center supplying
the origin of the nesting coordinate system — an AITALLE-
ment whose format, 1 suggest, defines consciousness.

Tt is my hunch that any creature, or device for that
watter, that would get about i the world as efficient]
a vertebrate without using more neural resources (or
their Con equiv;lleut) thau that vertebrate, would liave
3 be x—;qmpped with the kind of uualo\' 1‘&‘;1]_'1%}' simulator
so far merely sketched in my account, but susceptible to
lurther  development in more formal {erms. Thus
equipped, it would be conscious, because its implicit
ego-center would anchor a perspectival view coherently
relating a simulated body to a simulated worhl. These
latter entities, whether simply implemeuted or elaborate,
and whether cast in a noural medium ov cventually i
silicon, are synthetic ones, contrived as efliciency
measures in action contre! for the fudfiflment of noeds. 1t
is the formal, and not the medium of its implementation,
that determines conscious status, I suggest.

I have learned much from my reading of the many and
interesting commentarics, and from responding to them.
It seems to me thal by now the complele BBS Lreatment
ol my topic has arrived at a point where, al least, it will
be diflicult 1o misunderstand whal T am in fact proposing.
Tt gives me tremendous satisfaction to have had this oppor-
tunity for clarification, and I thank every commentary
author for helping me to come to this point, and
Behavioral and Rrain Sciences for providing a forum lor
conducting exercises such as this,

Dedication: T dedicale my anthor's response (o the
memory of Teather Joy Krueger (18 Januwary 2001 -2
March 2007).

NOTES

1. This is nol o be conlused with scll-consciousness {or
reflective self-consciousness in Northofs 1nore precise termi-
nology, which represents a substuntive advance over that
emploved in my target article).

2. For a recent contribution to the mechanisins of negloct
velevanl (o the present perspective, nol ciled in the larget
article, see Bushmore et al. (2006).
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RCOG ARTICLE ON FETAL PAIN IS A “STUNNING LACK OF SCHOLARSHIP”
Attempt by abortion ad tes to mislead the publi

PITTSBURGH, PA — As the 40" Annual National Right to Life Convention continued with a special general
session focusing on the pain of the unborn child, a Working Party of the Royal College of Obstetricians and
Gynaecologists (RCOG) released an article disputing an overwhelming body of evidence that unborn
children can feel pain in utero.

The following statement may be attributed to National Right to Life Director of State Legislation Mary
Spaulding Baich, J.D.

An objective expert in neurobiology would be appalled by the stunning lack of scholarship in
the RCOG article. Its authors (predominantly abortion advocates and at least one
abortionist) based their claim that unborn children do not experience pain before 24 weeks
on the absence of complete nerve connection to the cortex before then.

They ignore the seminal 2007 publication of “Consciousness without a cerebral cortex,” in
the medical journal Behavioral and Brain Sciences and dismiss its evidence that children
born missing virtually all of the cerebral cortex nonetheless experience pain.

Ironically, the article concedes the evidence that by 20 weeks pain receptors are present
throughout the unborn child’s skin, that these are linked by nerves to the thalamus and the
subcortal plate, and that these children have coordinated aversive reactions to painful
stimuli, and experience increased stress hormones from it.

This article is an effort by acknowledged abortion promoters to mislead the public at-large —
and most tragically women considering abortion — about the increasing evidence
demonstrating the unborn child’s sensitivity to pain.

The issue of fetal pain has captured headlines thanks to a landmark law enacted by the Mebraska
legislature in April which restricts abortion after twenty weeks declaring that the state has a compelling
interest in the life of a pain-capable unborn child at and after twenty weeks,

The 2007 article from Behavioral and Brain Sciences is available from the NRLC Communications
Department. NRLC’s Balch is available to discuss the issue of fetal pain, the RCOG article, and the
body of research demonstrating that unborn children are capable of feeling pain. To arrange an
interview contact the NRLC Ci ications Department on-site at the 40" Annual National Right to
Life Convention at (724) 899-6245.

The National Right to Life Committee, the nation’s largest pro-life group is a federation of 50 state right-to-
life affiliates and more than 3,000 local chapters.

Qa0 B wore e

Click here to unsubscribe

512 10th Street, NW, Washington, DC 20004
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NATIONAL RIGHT TO LIFE:

GULLIBLE TREATMENT OF TRUMPED UP "STUDY" ON FETAL
PAIN ISSUE SHOULD EMBARRASS J.A.M.A. AND SOME
JOURNALISTS

This is an update from the National Right to Life Committee, 202-626-8825, issued
Thursday, August 25, 2005, at 4 PM EDT. For further updates on this subject, watch
http://www.nric.org/abortion/fetal _pain/index.hitml

This memo offers a number of points of information regarding the article "Fetal Pain: A
Svstematic Multidisciplinary Review of the Evidence," published in the August 24 edition
of the Journal of the American Medical Association (JAMA). Any of the material below,
if not otherwise attributed, can be arributed to NRILC Legislative Director Douglas
Johnson (Legfederal@aol.com), who prepared this memorandum.

BASIC OBJECTIONS

1. The JAMA article was produced by pro-abortion activists. There is no new laboratory
research reported in the article -- it is merely a commentary on a selection of existing
medical literature. The authors purport to show that there is no good evidence that
human fetuses feel pain before 29 weeks (during the seventh month). The authors'
conclusion (which was predetermined by their political agenda -- see below) is disputed
by experts with far more extensive credentials in pain research than any of the authors.
These independent authorities say that there is substantial evidence from multiple lines of
research that unborn humans can perceive pain during the fifth and sixth months (i.e., by
20 weeks gestational age), and perhaps somewhat earlier.

2. For example, Dr, Kanwaljeet S. Anand, a pain researcher who holds tenured chairs in
pediatrics, anesthesiology, pharmacology, and neurobiology at the University of
Arkansas, said in a document accepted as expert by a federal court, "It is my opinion that
the human fetus possesses the ability to experience pain from 20 weeks of gestation, if
not earlier, and that pain perceived by a fetus is possibly more intense than that perceived
by newborns or older children." Read Dr. Anand's complete statement entered in federal
court, summarizing the scientific evidence, here. In a USA Todav article (August 25),
Dr. Anand predicted that JAMA's publication of the article would "inflame a lot of
scientists who are . . . far more knowledgeable in this area than the authors appear to be."

3. A similar review published in September 1999 in the British Journal of Obstetrics and
Gynaecology (the leading ob-gyn journal in the UK) concluded: "Given the anatomical
evidence, it is possible that the fetus can feel pain from 20 weeks and is caused distress
by interventions from as early as 15 or 16 weeks." (Article available in PDF format
here.)

4. The JAMA authors arrive at their "conclusion” through a highly tendentious
methodology that could, for the most part, also be used to argue that there is no proof that
animals really feel pain and no proof that premature newborn humans really feel pain
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(although the authors do not address those subjects). There are innumerable state and
federal laws intended to reduce the suffering of animals, even though it is impossible to
"prove” that their "experience” of pain is subjectively the same as that of the lawmakers
who have enacted these regulations.

THE EVIDENCE FROM PREMATURELY BORN INFANTS

5. Infants born as early as 23 or 24 weeks now commonly survive long term in

neonatal intensive care units. Neonatologists confirm that they react negatively to painful
stimuli -- for example, by grimacing, withdrawing, and whimpering. When they must
receive surgical procedures, they are given drugs to prevent pain. Yet, the JAMA authors
assert that there is no credible evidence of fetal pain until 29 weeks -- which is five or six
weeks later. If these babies feel pain in the incubator, then they also feel pain in the
womb. If the newborn at 23 weeks demonstrates aversion to pain and needs protection
from pain, the same is true of the 24-week (or 25-week, 26-week. 27-week, or 28-week)
unborn child.

6. As Dr. Paul Ranalli, a neurologist at the University of Toronto, commented on the
paper: "Across the nation, Neonatal Intensive Care Units (NICUs) are full of bravely
struggling preemies . . . The only difference between a child in the womb at this stage, or
one born and cared for in an incubator, is how they receive oxygen -- either through the
umbilical cord or through the lungs. There is no difference in their nervous systems.
Their article sets back humane pediatric medicine 20 years, back to a time when doctors
still believed babies could not feel pain.” In testimony before a congressional committee
in 1996, Dr. Jean A. Wright, then a pediatric pain specialist at Emory University, said:
"Preterm infants who are born and delivered at 23 weeks of gestation show very highly
specific and well-coordinated physiologic and behavioral responses to pain which is just
like older infants." (Even the paper notes in passing, "Normal EEG patterns have been
characterized for neonates as young as 24 weeks' postconceptual age.")

THE VIOLENCE OF ABORTION METHODS USED

7. The gross trauma inflicted on the unborn human by abortion methods used in the fifth
and sixth months far exceed anything that would be done to a premature newborn at the
same stage of development. The most common abortion method, the so-called "D&E,"
involves tearing arms and legs off of the unanesthetized unborn child, then crushing the
skull. (Click here to see a series of professional medical school illustrations of this
method.) Thousands of times annually, the partial-birth abortion method is used. which
involves mostly delivering the living premature infant, feet first, and then puncturing the
skull with scissors or a pointed metal tube (to see medically accurate illustrations of this
method, click herg). To review material presented to Congress by

leading anesthesiologists and other medical experts with varying positions on legal
abortion, click here.
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THE ORIGINS OF THE PAPER

8. The so-called "study" was produced by pro-abortion activists and a well-known
practitioner of late abortions -- but, with a few notable exceptions, that readily available
information was omitted or greatly minimized by mainstream media outlets that initially
covered story on August 23 and 24, including ABC World News Tonight, the Associated
Press, and the New York Times.

9. The lead author of the article, Susan J. Lee, who is now a medical student, was
previously employed as a lawyer by NARAL, the pro-abortion political advocacy
organization (Knight Ridder, August 24).

10. One of Lee's four co-authors, Dr. Eleanor A. Drey, is the director of the largest
abortion clinic in San Francisco (San Francisco Chronicle, March 31, 2004, and Knight
Ridder, August 24, 2005). According to Dr. Drey, the abortion facility that she runs
performs about 600 abortions a year between the 20th and 23rd weeks of pregnancy (i.e..
in the fifth and sixth months). (San Francisco Chronicle, March 31, 2004) Drey is a
prominent critic of the Partial-Birth Abortion Ban Act, and a self-described activist. (In g
laudatory profile in the newsletter of Physicians for Reproductive Choice and Health,
September 2004, it was noted that "much of Dr. Drey's research centers on repeat and
second-trimester procedures . . .," and quotes Drey as saying, "I am very lucky because I
get to train residents and medical students, and I really do feel that it's a type of
activism.") Drey is also on the statf of the Center for Reproductive Health Research and
Policy {CRHRP) at the University of California, San Francisco -- a pro-abortion
propaganda and training center. Much of this information was available through even a
very cursory Google search, and some of it was provided to journalists who contacted
NRLC about the embargoed JAMA paper on August 22-23, but few saw fit to mention
these connections in their initial reports.

11. However, one reporter (Knight Ridder's Marie McCullough) did contact JAMA
editor-in-chief Catherine D. DeAngelis regarding the ties of Lee and Drey. McCullough
reported that DeAngelis "said she was unaware of this, and acknowledged it might create
an appearance of bias that could hurt the journal's credibility. "This is the first I've heard
about it,’ she said. 'We ask them to reveal any conflict of interest. I would have published'
the disclosure if it had been made.” (Knight Ridder. August 24, 2005) A day later,
DeAngelis told LS A Todav that the affiliations of Drey and Lee "aren't relevant,” but
again said that the ties should have been disclosed. If she really thought the affiliations
were not relevant, why would she say that they should have been disclosed? If a review
of the same issue by doctors employed by pro-life advocacy groups had been submitted
or published, would those affiliations have been ignored by journalists?

12. Dr. David Grimes, a vice-president of Family Health International, has been relied
on by CNN, the New York Times, and some other media as a purported expert to defend
the paper. Dr. Grimes has made pro-abortion advocacy a central element of his career for
decades. (During the time he worked for the CDC in the 1980s, his off-hours work at a
local late-abortion facility sparked protests from some pro-life activists. In 1987, a year
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after he left the CDC. Grimes testified that he had already performed more than 10,000
abortions, 10 to 20 percent of those after the first trimester.) In addition, Grimes was
previously the chief of the Department of Obstetrics, Gynecology and Reproductive
Sciences at the San Francisco General Hospital -- the very same institution where author
Drey directs the abortion clinic.

THE FINDINGS OF A FEDERAL COURT

13. In 2004, the U.S. District Court for the Southern District of New York received
extensive testimony regarding fetal pain from experts on both sides, including doctors
who perform many late abortions, as part of a legal challenge to the Partial-Birth
Abortion Ban Act. Although the subsequent opinion struck down the ban as inconsistent
with a 2000 U.S. Supreme Court ruling (this is being appealed), the court made certain
formal "findings of fact,” among these: "The Court finds that the testimony at trial and
before Congress establishes that D&X [partial-birth abortion] is a gruesome, brutal,
barbaric, and uncivilized medical procedure. Dr. Anand's testimony, which went
unrebutted by Plaintiffs, is credible evidence that D&X abortions subject fetuses to
severe pain. Notwithstanding this evidence, some of Plaintiffs' experts testitied that fetal
pain does not concern them, and that some do not convey to their patients that their
fetuses may undergo severe pain during a D&X." (This illustrates that abortionists will
not raise the question of pain, at any stage of pregnancy, unless they are required to do
S0.)

UNBORN CHILD PAIN AWARENESS ACT (8. 51, H.R. 356)

14. The obvious purpose of the authors of the JAMA paper was to damage the prospects
for the Unborn Child Pain Awareness Act (S. 51, H.R. 356). This bill would require that
abortion providers give women seeking abortions after 20 weeks after fertilization (22
weeks gestation) certain basic information on the substantial evidence that their unborn
children may experience pain while being aborted, and advise them regarding any
available methods to reduce or eliminate such pain. The bill explicitly states that the
abortion provider may offer his or her own opinions and advice regarding the question,
including discussion of any risks to the mother of methods of reducing the pain of the
unborn child. The authors, in their final paragraph, explicitly oppose any requirement
that abortionists raise the pain issue in any fashion, at least during the fifth and sixth
months.

15. It is noteworthy, however, that in January, 2005, NARAL President Nancy Keenan
issued a statement that NARAL "does not intend to oppose” the bill, because "pro-choice
Americans have always believed that women deserve access to all the information
relevant to their reproductive health decisions.” (A complete reproduction of the
NARAL statement is available here.)

16. Spokepersons for some groups of abortion providers say that they object to the
Unborn Child Pain Awareness Act because it would require that abortionists recite a
"script” advising women who are seeking abortions after 22 weeks gestational age (20
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weeks from fertilization) that there is "substantial evidence" that abortion will inflict pain
(the bill also explicitly says that the abortionist may also offer whatever opinions he or
she wishes regarding the issue and the risks of any optional pain relieving methods). But
in truth, abortion providers, like the authors of the paper, object not just to a "script” but
to any requirement whatever that women be provided with any information on the
subject. They have also objected to laws enacted in Arkansas and Georgia that require
only the provision of printed information prepared by the state health agencies, and to a
Minnesota law that merely requires that the abortionist tell the woman "whether or not an
anesthetic or analgesic would eliminate or alleviate organic pain to the unborn child
caused by the particular method of abortion to be employed and the particular medical
benefits and risks associated with the particular anesthetic or analgesic.” Apparently, the
abortionists are taking the paternalistic stance that women are incapable of evaluating
such information and giving it whatever weight they think it deserves.

ADMINISTERING ANESTHESIA OR ANALGESICS

17. The authors of the JAMA paper say that "no established protocols exist for
administering anesthesia or analgesia directly to the fetus tor minimally invasive fetal
procedures or abortions.” (p. 952) Yet, some abortions are performed by administering
toxins into the amniotic sac (or even directly into the fetal heart) with a needle, precisely
guided by ultrasound. Moreover, in cases of women carrying multiple unborn humans,
abortionists sometimes engage in "selective reduction,” in which some of the fetuses are
killed by stabbing them directly in their hearts with a needle guided by ultrasound. One
suspects, therefore, that any current lack of methods of safely administering pain-
reducing drugs to a fetus in utero relate more the fact that abortionists just don't care
about fetal pain and have not developed such methods, rather than to any insurmountable
technical obstacles. In any case, under the Unborn Child Pain Awareness Act, a woman
considering an abortion after 20 weeks gestational age would be given information on the
current state of the art, including the abortionist's own assessment of any risks, to
evaluate as she sees fit.

18. Paul Ranalli, a neurologist at the University of Toronto, reports, "Experts from
Britain and France have proposed safe and effective fetal anesthesia protocols. (Ranalli
cites the 1997 Working Party Report on Fetal Pain by the UK's Royal College of
Obstetrics and Gynecology and "La douleur du foetus," Mahieu-Caputo D, Dommergues
M et al, Presse Med 2000; 29:663-9, recommending Sulfentanyl 1 ug/kg and Pentothal 10
ug/kg.) Ranalli also writes that the JAMA paper itself "includes experimental animal
evidence that suggests an effective intra-amniotic needle injection could spare the fetus
pain, without the need to give the mother any additional anesthetic" (citing material on
JAMA p. 952, column 1).

NUMBERS OF ABORTION AT ISSUE
19. According to the JAMA paper, relying on a CDC report, about 1.4 percent of the

abortions performed in the U.S. are performed at or after 21 weeks gestational age. If so,
that would be over 18,000 abortions annually nationwide -- hardly inconsequential to
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anyone concerned with inflicting pain on a sentient young human. (Note: That figure
omits abortions performed at 20 weeks gestational age.) It is worth noting that the CDC
reports are very incomplete. Indeed, the report itself makes it clear that the CDC
received no abortion reports from California -- so none of the 600 abortions performed
annually at 20-23 weeks in Dr. Drey's abortion clinic are reflected in the CDC figures.
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The First Ache
By ANNIE MURPHY PAUL

Twenty-five years ago, when Kanwaljeet Anand was a medical resident in a neonatal intensive care unit, his
tiny patients, many of them preterm infants, were often wheeled out of the ward and into an operating
room. He soon learned what to expect on their return. The babies came back in terrible shape: their skin
was gray, their breathing shallow, their pulses weak. Anand spent hours stabilizing their vital signs,
increasing their oxygen supply and administering insulin to bal their blood sugar.

“What's going on in there to make these babies so stressed?” Anand wondered. Breaking with hospital
practice, he wrangled permission to follow his patients into the O.R. “That’s when [ discovered that the
babies were not getting anesthesia,” he recalled recently. Infants undergoing major surgery were receiving
only a paralytic to keep them still. Anand’s encounter with this practice oceurred at John Radeliffe Hospital
in Oxford, England, but it was common almost everywhere. Doctors were convinced that newborns'
nervous systems were too immature to sense pain, and that the dangers of anesthesia exceeded any
potential benefits.

Anand resolved to find out if this was true. In a series of elinical trials, he demonstrated that operations
performed under minimal or no anesthesia produced a “massive stress response” in newborn babies,
releasing a flood of fight-or-flight hormones like adrenaline and cortisol. Potent anesthesia, he found, could
significantly reduce this reaction. Babies who were put under during an operation had lower stress-
hormone levels, more stable breathing and blood-sugar readings and fewer postoperative complications.
Anesthesia even made them more likely to survive. Anand showed that when pain relief was provided
during and after heart operations on newborns, the mortality rate dropped from around 25 percent to less
than 10 percent. These were extraordinary results, and they helped change the way medicine is practiced.
Today, adequate pain relief for even the youngest infants is the standard of eare, and the treatment that so
concerned Anand two decades ago would now be considered a violation of medical ethics.

But Anand was not through with making observations. As NICU technology improved, the preterm infants
he cared for grew younger and younger — with gestational ages of 24 weeks, 23, 22 — and he noticed that
even the most premature babies grimaced when pricked by a needle. “So | said to myself, Could it be that
this pain system is developed and functional before the baby is born?" he told me in the fall. It was not an
abstract question: fetuses as well as newborns may now go under the knife. Once highly experimental, fetal
surgery — to remove lung tumors, clear blocked urinary tracts, repair malformed diaphragms —isa
frequent occurrence at a half-dozen fetal treatment eenters around the country, and eould soon become
standard care for some conditions diagnosed prenatally like spina bifida. Whether the fetus feels painisa
question that matters to the doctor wielding the scalpel.

And it matters, of course, for the practice of abortion. Over the past four years, anti-abortion groups have
turned fetal pain into a new front in their battle to restrict or ban abortion. Anti-abortion politicians have
drafted laws requiring doctors to tell patients seeking abortions that a fetus can feel pain and to offer the
fetus anesthesia; such legislation has already passed in five states. Anand says he does not oppose abortion
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in all circumstances but says decisions should be made on a case-by-case basis. Nonetheless, much of the
activists’ and lawmakers’ most powerful rhetoric on fetal pain is borrowed from Anand himself.

Known to all as Sunny, Anand is a soft-spoken man who wears the turban and beard of his Sikh faith. Now a
professor at the University of Arkansas for Medical Sciences and a pediatrician at the Arkansas Children’s
Hospital in Little Rock, he emphasizes that he approaches the question of fetal pain as a scientist: “I eat my
best hypotheses for breakfast,” he says, referring to the promising leads he has discarded when research
failed to bear them out. New evidence, however, has persuaded him that fetuses can feel pain by 20 weeks
gestation (that is, halfway through a full-term pregnancy) and possibly earlier. As Anand raised awareness
about pain in infants, he is now bringing attention to what he calls “signals from the beginnings of pain.”

But these signals are more ambiguous than those he spotted in newborn babies and far more controversial
in their implications. Even as some research suggests that fetuses can feel pain as preterm babies do, other
evidence indicates that they are anatomically, biochemically and psychologically distinct from babies in

ways that make the experience of pain unlikely. The truth about fetal pain can seem as murky as an image

IF THE NOTION that newborns are incapable of feeling pain was once widespread among doctors, a
comparable assumption about fetuses was even more entrenched. Nicholas Fisk is a fetal-medicine
specialist and director of the University of Queensland Center for Clinical Research in Australia. For years,
he says, “I would be doing a procedure to a fetus, and the mother would ask me, ‘Does my baby feel pain?
The traditional, knee-jerk reaction was, ‘No, of course not.” ” But research in Fisk’s laboratory (then at
Imperial College in London) was making him uneasy about that answer. It showed that fetuses as young as
18 weeks react to an invasive procedure with a spike in stress hormones and a shunting of blood flow
toward the brain — a strategy, also seen in infants and adults, to protect a vital organ from threat. Then Fisk
carried out a study that closely resembled Anand’s pioneering research, using fetuses rather than newborns
as his subjects. He selected 45 fetuses that required a potentially painful blood transfusion, giving one-third
of them an injection of the potent painkiller fentanyl. As with Anand’s experiments, the results were
striking: in fetuses that received the analgesic, the production of stress hormones was halved, and the
pattern of blood flow remained normal.

Fisk says he believes that his findings provide suggestive evidence of fetal pain — perhaps the best evidence
we'll get. Pain, he notes, is a subjective phenomenon; in adults and older children, doctors measure it by
asking patients to describe what they feel. ("On a scale of 0 to 10, how would you rate your current level of
pain?”) To be certain that his fetal patients feel pain, Fisk says, “I would need one of them to come up to me
at the age of 6 or 7 and say, ‘Excuse me, Doctor, that bloody hurt, what you did to me!” " In the absence of
such first-person testimony, he concludes, it’s “better to err on the safe side” and assume that the fetus can
feel pain starting around 20 to 24 weeks.

Blood transfusions are actually among the least invasive medical procedures performed on fetuses. More
intrusive is endoscopic fetal surgery, in which surgeons manipulate a joystick-like instrument while
watching the fetus on an ultrasound screen. Most invasive of all is open fetal surgery, in which a pregnant
woman’s uterus is cut open and the fetus exposed. Ray Paschall, an anesthesiologist at Vanderbilt Medical
Center in Nashville, remembers one of the first times he provided anesthesia to the mother and minimally
to the fetus in an open fetal operation, more than 10 years ago. When the surgeon lowered his scalpel to the
o5-week-old fetus, Paschall saw the tiny figure recoil in what looked to him like pain. A few months later,
he watched another fetus, this one 23 weeks old, flinch at the touch of the instrument. That was enough for
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Paschall. In consultation with the hospital’s pediatric pain specialist, “I tremendously upped the dose of
anesthetic to make sure that wouldn’t happen again,” he says. In the more than 200 operations he has
assisted in since then, not a single fetus has drawn back from the knife. “I don’t care how primitive the
reaction is, it’s still a human reaction,” Paschall says. “And I don't believe it's right. I don’t want them to feel
pain.”

But whether pain is being felt is open to question. Mark Rosen was the anesthesiologist at the very first
open fetal operation, performed in 1981 at the University of California, San Francisco, Medieal Center, and
the fetal anesthesia protocols he pioneered are now followed by his peers all over the world. Indeed, Rosen
may have done more to prevent fetal pain than anyone else alive — except that he doesn’t believe that fetal
pain exists. Research has persuaded him that before a point relatively late in pregnancy, the fetus is unable
to perceive pain.

Rosen provides anesthesia for a number of other important reasons, he explains, including rendering the
pregnant woman unconscious and preventing her uterus from contracting and setting off dangerous
bleeding or early labor. Another purpose of anesthesia is to immobilize the fetus during surgery, and
indeed, the drugs Rosen supplies to the pregnant woman do cross the placenta to reach the fetus. Relief of
fetal pain, however, is not among his objectives. “I have every reason to want to believe that the fetus feels
pain, that I've been treating pain all these years,” says Rosen, who is intense and a bit prickly. “Butif you
look at the evidence, it’s hard to conclude that that’s true.”

Rosen’s own hard look at the evidence came a few years ago, when he and a handful of other doctors at
U.C.S.F. pulled together more than 2,000 articles from medical journals, weighing the accumulated
Association in 2005. “Pain perception probably does not function before the third trimester,” concluded
Rosen, the review’s senior author. The capacity to feel pain, he proposed, emerges around 29 to 30 weeks
gestational age, or about two and a half months before a full-term baby is born. Before that time, he
asserted, the fetus’s higher pain pathways are not yet fully developed and functional.

What about a fetus that draws back at the touch of a scalpel? Rosen says that, at least early on, this
movement is a reflex, like aleg that jerks when tapped by a doctor’s rubber mallet. Likewise, the release of
stress hormones doesn’t necessarily indicate the experience of pain; stress hormones are also elevated, for
example, in the bodies of brain-dead patients during organ harvesting. In order for pain to be felt, he
maintains, the pain signal must be able to travel from receptors located all over the body, to the spinal cord,
up through the brain’s thalamus and finally into the cerebral cortex. The last leap to the cortex is crucial,
because this wrinkly top layer of the brain is believed to be the organ of consciousness, the generator of
awareness of ourselves and things not ourselves (like a surgeon’s knife). Before nerve fibers extending from
the thalamus have penetrated the cortex — connections that are not made until the beginning of the third
trimester — there can be no consciousness and therefore no experience of pain.

Sunny Anand reacted strongly, even angrily, to the article’s conclusions. Rosen and his colleagues have
“stuck their hands into a hornet’s nest,” Anand said at the time. “This is going to inflame a lot of scientists
who are very, very concerned and are far more knowledgeable in this area than the authors appear to be.
This is not the last word — definitely not.” Anand acknowledges that the cerebral cortex is not fully
developed in the fetus until late in gestation. What is up and running, he points out, is a structure called the
subplate zone, which some scientists believe may be capable of processing pain signals. A kind of holding
station for developing nerve cells, which eventually melds into the mature brain, the subplate zone becomes



228

Babies - lctal Pain - Abortions - Women - Pregnancy and Obstetics - Me...  hitp://www.nylimes.com/2008/02/ 10/magazine/ 10l etal-Chunl ?_r=2&pag, ..
operational at about 17 weeks. The fetus’s undeveloped state, in other words, may not preclude it from
feeling pain. In fact, its immature physiology may well make it more sensitive to pain, not less: the body’s
mechanisms for inhibiting pain and making it more bearable do not become active until after birth.

The fetus is not a “little adult,” Anand says, and we shouldn't expect it to look or act like one. Rather, it's a
singular being with a life of the senses that is different, but no less real, than our own.

THE SAME MIGHT be said of the five children who were captured on video by a Swedish neuroscientist
named Bjorn Merker on a trip to Disney World a few years ago. The youngsters, ages 1 to 5, are shown
smiling, laughing, fussing, crying; they appear alert and aware of what is going on around them. Yet each of
these children was born essentially without a cerebral cortex. The condition is called hydranencephaly, in
which the brain stem is preserved but the upper hemispheres are largely missing and replaced by fluid.

Merker (who has held positions at universities in Sweden and the United States but is currently
unaffiliated) became interested in these children as the living embodiment of a scientific puzzle: where
consciousness originates. He joined an online self-help group for the parents of children with
hydranencephaly and read through thousands of e-mail messages, saving many that described incidents in
which the children seemed to demonstrate awareness. In October 2004, he accompanied the five on the
trip to Disney World, part of an annual get-together for families affected by the condition. Merker included
his observations of these children in an article, published last year in the journal Behavioral and Brain
Sciences, proposing that the brain stem is capable of supporting a preliminary kind of awareness on its own.
Merker wrote, may

xS

“The tacit consensus concerning the cerebral cortex as the ‘organ of consciousness,
“have been reached prematurely, and may in fact be seriously in error.”

Merker’s much-discussed article was accompanied by more than two dozen commentaries by prominent
researchers. Many noted that if Merker is correct, it could alter our understanding of how normal brains
work and could change our treatment of those who are now believed to be insensible to pain because of an
absent or damaged cortex. For example, the decision to end the life of a patient in a persistent vegetative
state might be carried out with a fast-acting drug, suggested Marshall Devor, a biologist at the Center for
Research on Pain at Hebrew University in Jerusalem. Devor wrote that such a course would be more
humane than the weeks of potentially painful starvation that follows the disconnection of a feeding tube
(though as a form of active euthanasia it would be illegal in the United States and most other countries).
The possibility of consciousness without a cortex may also influence our opinion of what a fetus can feel.
Like the subplate zone, the brain stem is active in the fetus far earlier than the cerebral cortex is, and if it
can support consciousness, it can support the experience of pain. While Mark Rosen is skeptical, Anand
praises Merker's work as a “missing link” that could complete the case for fetal pain.

But anatomy is not the whole story. In the fetus, especially, we can’t deduce the presence or absence of
consciousness from its anatomical development alone; we must also consider the peculiar environment in
which fetuses live. David Mellor, the founding director of the Animal Welfare Science and Bioethics Center
at Massey University in New Zealand, says he was prompted to consider the role of fetal surroundings in
graduate school. “Have you ever wondered,” one visiting professor asked, “why a colt doesn’t get up and
gallop around inside the mare?” After all, a horse only minutes old is already able to hobble around the
barnyard. The answer, as Mellor reported in an influential review published in 2005, is that biochemicals
produced by the placenta and fetus have a sedating and even an anesthetizing effect on the fetus (both
equine and human). This fetal cocktail includes adenosine, which suppresses brain activity; pregnanolone,
which relieves pain; and prostaglandin D2, which induces sleep — “pretty potent stuff,” he says.
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Combined with the warmth and buoyancy of the womb, this brew lulls the fetus into a near-continuous
slumber, rendering it effectively unconscious no matter what the state of its anatomy. Even the starts and
kicks felt by a pregnant woman, he says, are reflex movements that go on in a fetus’s sleep. While we don’t
know if the intense stimulation of surgery would wake it up, Mellor notes that when faced with other
potential threats, like an acute shortage of oxygen, the fetus does not rouse itself but rather shuts down
more completely in an attempt to conserve energy and promote survival. This is markedly different from
the reaction of an infant, who will thrash about in an effort to dislodge whatever is blocking its airway. “A
fetus,” Mellor says, “is not a baby who just hasn’t been born yet.”

Even birth may not inaugurate the ability to feel pain, according to Stuart Derbyshire, a psychologist at the
University of Birmingham in Britain. Derbyshire is a prolific commentator on the subject and an energetic
provocateur. In milder moods, he has described the notion of fetal pain as a “fallacy”; when goaded by his
critics’ “lazy” thinking, he has pronounced it a “moral blunder” and “a shoddy, sentimental argument.”

For all his vehemence in print, Derbyshire is affable in conversation, explaining that his laboratory research
on the neurological basis of pain in adults led him to the matter of what fetuses feel: “For me, it’s an
interesting test case of what we know about pain. It’s a great application of theory, basically.” The theory, in
this case, is that the experience of pain has to be learned — and the fetus, lacking language or interactions
with caregivers, has no chance of learning it. In place of distinct emotions, it experiences a blur of
sensations, a condition Derbyshire has likened to looking at “a vast TV screen with all of the world’s
information upon it from a distance of one inch; a great buzzing mass of meaningless information,” he
writes. “Before a symbolic system such as language, an individual will not know that something in front of
them is large or small, hot or cold, red or green” — or, Derbyshire argues, painful or pleasant.

He finds “outrageous” the suggestion that the fetus feels anything like the pain that an older child or an
adult experiences. “A fetus is biologically human, of course,” he says. “It isn’t a cow. But it’s not yet
psychologically human.” That is a status not bestowed at conception but earned with each connection made
and word spoken. Following this logic to its conclusion, Derbyshire has declared that babies cannot feel
pain until they are 1 year old. His claim has become notorious in pain-research circles, and even Derbyshire
says he thinks he may have overstepped. “I sometimes regret that 1 pushed it out quite that far,” he
concedes. “But really, who knows when the light finally switches on?”

IN FACT, “THERE may not be a single moment when consciousness, or the potential to experience pain, is
turned on,” Nicholas Fisk wrote with Vivette Glover, a colleague at Imperial College, in a volume on early
pain edited by Anand. “It may come on gradually, like a dimmer switch.” It appears that this slow dawning
begins in the womb and continues even after birth. So where do we draw the line? When does a release of
stress hormones turn into a grimace of genuine pain?

Recent research provides a potentially urgent reason to ask this question. It shows that pain may leave a
lasting, even lifelong, imprint on the developing nervous system. For adults, pain is usually a passing
sensation, to be waited out or medicated away. Infants, and perhaps fetuses, may do something different
with pain: some research suggests they take it into their bodies, making it part of their fast-branching
neural networks, part of their flesh and blood.

Anna Taddio, a pain specialist at the Hospital for Sick Children in Toronto, noticed more than a decade ago
that the male infants she treated seemed more sensitive to pain than their female counterparts. This

discrepancy, she reasoned, could be due to sex hormones, to anatomical differences — or to a painful event
experienced by many boys: circumeision. In a study of 87 baby boys, Taddio found that those who had been
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circumecised soon after birth reacted more strongly and cried for longer than uncircumcised boys when they
received a vaccination shot four to six months later. Among the circumcised boys, those who had received
an analgesic cream at the time of the surgery cried less while getting the immunization than those
circumcised without pain relief.

Taddio concluded that a single painful event could produce effects lasting for months, and perhaps much
longer. “When we do something to a baby that is not an expected part of its normal development, especially
at a very early stage, we may actually change the way the nervous system is wired,” she says. Early
encounters with pain may alter the threshold at which pain is felt later on, making a child hypersensitive to
pain — or, alternatively, dangerously indifferent to it. Lasting effects might also include emotional and
behavioral problems like anxiety and depression, even learning disabilities (though these findings are far
more tentative).

Do such long-term effects apply to fetuses? They may well, especially since pain experienced in the womb
would be even more anomalous than pain encountered soon after birth. Moreover, the ability to feel pain
may not need to be present in order for “noxious stimulation” — like a surgeon’s incision — to do harm to
the fetal nervous system. This possibility has led some to venture an early end to the debate over fetal pain.
Mare Van de Velde, an anesthesiologist and pain expert at University Hospitals Gasthuisberg in Leuven,
Belgium, says: “We know that the fetus experiences a stress reaction, and we know that this stress reaction
may have long-term consequences — so we need to treat the reaction as well as we can. Whether or not we
call it pain is, to me, irrelevant.”

BUT THE QUESTION of fetal pain is not irrelevant when applied to abortion. On April 4, 2004, Sunny
Anand took the stand in a courtroom in Lincoln, Neb., to testify as an expert witness in the case of Carhart
v. Asheroft. This was one of three federal trials held to determine the constitutionality of the ban on a
procedure called intact dilation and extraction by doctors and partial-birth abortion by anti-abortion
groups. Anand was asked whether a fetus would feel pain during such a procedure. “If the fetus is beyond
20 weeks of gestation, I would assume that there will be pain caused to the fetus,” he said. “And I believe it
will be severe and excruciating pain.”

After listening to Anand’s testimony and that of doctors opposing the law, Judge Richard G. Kopf declared
in his opinion that it was impossible for him to decide whether a “fetus suffers pain as humans suffer pain.”
He ruled the law unconstitutional on other grounds. But the ban was ultimately upheld by the U.S.
Supreme Court, and Anand’s statements, which he repeated at the two other trials, helped clear the way for
legislation aimed specifically at fetal pain. The following month, Sam Brownback, Republican of Kansas,
presented to the Senate the Unborn Child Pain Awareness Act, requiring doctors to tell women seeking
abortions at 20 weeks or later that their fetuses can feel pain and to offer anesthesia “administered directly
to the pain-capable unborn child.” The bill did not pass, but Brownback continues to introduce it each year.
Anand’s testimony also inspired efforts at the state level. Over the past two years, similar bills have been
introduced in 25 states, and in 5 — Arkansas, Georgia, Louisiana, Minnesota and Oklahoma — they have
become law. In addition, state-issued abortion-counseling materials in Alaska, South Dakota and Texas now
make mention of fetal pain.

In the push to pass fetal-pain legislation, Anand’s name has been invoked at every turn; he has become a
favorite expert of the anti-abortion movement precisely because of his credentials. “This Oxford- and
Harvard-trained neonatal pediatrician had some jarring testimony about the subject of fetal pain,”
announced the Republican congressman Mike Pence to the House of Representatives in 2004, “and it is
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truly made more astonishing when one considers the fact that Dr. Anand is not a stereotypical Bible-
thumping pro-lifer.” Anand maintains that doctors performing abortions at 20 weeks or later should take
steps to prevent or relieve fetal pain. But it is clear that many of the anti-abortion activists who quote him
have something more sweeping in mind: changing perceptions of the fetus. In several states, for example,
information about fetal pain is provided to all women seeking abortions, including those whose fetuses are
so immature that there is no evidence of the existence of even a stress response. “By personifying the fetus,
they’re trying to steer the woman’s decision away from abortion,” says Elizabeth Nash, a public-policy
associate at the Guttmacher Institute, a reproductive-rights group.

Another, perhaps intended, effect of fetal-pain laws may be to make abortions harder to obtain. Laura
Myers, an anesthesia researcher at Children’s Hospital Boston and Harvard Medical School who analyzed
the Unborn Child Protection Act for the abortion-rights organization Physicians for Reproductive Choice
and Health, concluded that abortion clinics do not have the equipment or expertise to supply fetal
anesthesia. “The handful of centers that perform fetal surgery are the only ones with any experience
delivering anesthesia directly to the fetus,” Myers says. “The bill makes a promise that the medical
community can’t fulfill.” Even these specialized centers have no experience providing fetal anesthesia
during an abortion; such a procedure would be experimental and would inevitably carry risks for the
worman, including infection and uncontrolled bleeding.

In his speeches about fetal pain, Senator Brownback often asks why a fetus undergoing surgery receives
anesthesia but not a fetus “who is undergoing the life-terminating surgery of an abortion.” Mark Rosen
rejects the analogy. “Fetal surgery is a different circumstance than abortion,” he says, pointing out that none
of the objectives of anesthesia for fetal surgery — relaxing the uterus, for example — apply to the
termination of pregnancy. That includes an objective identified just recently: preventing possible long-term
damage. For the fetus that is to be aborted, there is no long term. And if there is no pain, as Rosen
maintains, then there is no cause to put the woman’s health at risk.

Rosen sees no contradiction in his position, only a necessary complexity. When he was in medical school, he
says, he worked for a time at an abortion clinic in the morning and a fertility clinic in the afternoon — an
experience that showed him “the amazing incongruities of life.” In the three decades since then, he says he
has come to believe that “there’s a time for fetal anesthesia, and maybe there’s a time not.”

In their use of pain to make the fetus seem more fully human, anti-abortion forces draw on a deep
tradition. Pain has long played a special role in how society determines who is like us or not like us (“us”
being those with the power to make and enforce such distinctions). The capacity to feel pain has often been
put forth as proof of a common humanity. Think of Shylock’s monologue in “The Merchant of Venice”: Are
not Jews “hurt with the same weapons” as Christians, he demands. “If you prick us, do we not bleed?”
Likewise, a presumed insensitivity to pain has been used to exclude some from humanity’s privileges and
protections. Many 19th-century doctors believed blacks were indifferent to pain and performed surgery on
them without even that era’s rudimentary anesthesia. Over time, the charmed circle of those considered
alive to pain, and therefore fully human, has widened to include members of other religions and races, the
poor, the criminal, the mentally ill — and, thanks to the work of Sunny Anand and others, the very young.
Should the circle enlarge once more, to admit those not yet born? Should fetuses be added to what Martin
Pernick, a historian of the use of anesthesia, has called “the great chain of feeling”? Anand maintains that
they should.

For others, it’s a harder call. When it comes to the way adults feel pain, science has borne out the optimistic
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belief that we are all the same under the skin. As research is now revealing, the same may not be true for
fetuses; even Anand calls the fetus “a unique organism.” Exhibiting his flair for the startling but apt
expression, Stuart Derbyshire warns against “anthropomorphizing” the fetus, investing it with human
qualities it has yet to develop. To do so, he suggests, would subtract some measure of our own humanity.
And to concern ourselves only with the welfare of the fetus is to neglect the humanity of the pregnant
worman, Mark Rosen notes. When considering whether to provide fetal anesthesia during an abortion, he
says, it’s not “erring on the safe side” to endanger a woman’s health in order to prevent fetal pain that may
not exist.

Indeed, the question remains just how far we would take the notion that the fetus is entitled to protection
from pain. Would we be willing, for example, to supply a continuous flow of drugs to a fetus that is found to
have a painful medical condition? For that matter, what about the pain of being born? Two years ago, a
Swiftian satire of the Unborn Child Pain Awareness Act appeared on the progressive Web site AlterNet.org.
Written by Lynn Paltrow, the executive director of the National Advocates for Pregnant Women, it urged

the bill’s authors to extend its provisions to those fetuses “subjected to repeated, violent maternal uterine
contraction and then forced through the unimaginably narrow vaginal canal.”

She continued: “Imagine the pain a fetus experiences with a forceps delivery, suffering extensive bruising
during and after! Shouldn’t these fetuses also be entitled to their own painkillers?” And in fact, both
Nicholas Fisk and Marc Van de Velde have raised the possibility of administering pain relief to fetuses
undergoing difficult deliveries. Obstetricians have yet to embrace the proposal. But Sunny Anand, for one,
says the idea may have merit. Though he has “misgivings about messing with a process that has worked for
thousands of years,” he can envision an injection of local anesthetic into the fetus’s scalp where it is grasped
by the forceps or vacuum device. “Let’s try and work out what's best for the baby,” he says.

Annie Murphy Paul is at work on a book about the lasting effects of early experience.

Copyright 2008 The New York Times Company

Privacy Policy | Search | Corrections | RSS; | FirstLook | Hslp | Contact Us | Worktor Us | Site Map



Marjorie Fanmenfelecr, Pres'dent
Jane Abraharr, Chirman o the Boamd
£XCCUTIVE COMMITTEE
batbars Comsoock, Co-Chair

Mery Cunnirgham Asee

Linds sachs

ot
Ellen Bart'sit.
Dl Culp Zock
i Jiyaal

Maty Bunning

Feigh S Pus

Disde Rapnana

Clesanine 7
ADVISORY COMMII |
Fan, Kelly Avott
s

Hem. 1 chel
Hon

Eoa. Ric
Hon. Sexphin
M, Cuadi

Hor, Cothy Mebo
Fom. ez B

<
Sary Flen bosk
“Tara Do Chisterisen

By IXc:
Gaty Polland

Pen Stein

Adminal Tmcs Varkirs

233

April 18,2012

The Honorable Trent Frapks

United States TTouse of Representatives
2435 Rayburn Bouse Office Building
Washington, D.C. 20515

Dear Representative Franks,

On behalf of the Susan B. Anthony List and our 365,000 members across the country, we are proud to
endorsc your District of Columbia Pain-Capable Unborn Child Pratection Act. This legislation is a top
priority for the Susan B. Anthony List.

The bipartisan D.C. Pain-Capable Unborn Child Protection Act (H.R. 3803) prohibits abortions in the
District of Columbia afler 20 weeks gestation (about the 6-month mark), based on strong scientific evidence
that an unborn child can feel puin by al least this stage of development. Article T, Scction 8 of the
Constitution grams Congress legislative responsibility for the District of Columbia.

There is overwhelming cvidence that an nuborn child has the capacity to feel pain by at least 20 weeks after
fertilization, and often even sooner. Yet in our nation’s capital, abortions can be performed for any reason
before birth, allowing some abortionists to travel to the D.C. area from states where late-term ahortions are
resricted.

Right nov, babies are aborted by the D&E mcthod in the District of Columbia, a method in which their arms
and legs arc ripped apart by brute manual force. One abortionist even reportedly takes a giant needle and
stabs the unborn child in the heart. This is an unacceptable tragedy, and the D.C. Pain-Capable Unborn Child
Protection Act will put an cnd to this injustice.

Six states (Kansas, Nebraska, Oklahoma, Idaha, Alabama, and Arizona) have already passed similar
legislation, and it is time (hat the Congress uses its legislative authority to do the same [n our nation’s capital.

The SBA List is proud to endorse this bipartisan lcgislation that protects women and pain-capable unborn
children from the horrors of late-term abortion, We sincercly thank you for introducing this common sense,

five-saving legislation.

For Life,

‘ ik et

Maurilyn Musgrave
Vice President of Government Affairs

Magjori¢ Dannenfelser
President

1707 LSTREET NW, SUITE 550 | WASHINGTON, DC 20036 | P 202.223.8073 | F 202.223.8078 | WWW.SBA-LISTORG
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On behalf of the American Civil Liberties Union (ACLU), a non-partisan organization
with more than a half million members, countless additional activists and supporters, and 53
affiliates nationwide, and the American Civil Liberties Union of the Nation’s Capital, with more
than 5,000 members in the District of Columbia, both dedicated to protecting the principles of
freedom and equality set forth in the Constitution and in our nation’s civil rights laws, we thank
you for giving us the opportunity to submit this statement for the record on the so-called District
of Columbia Pain-Capable Unborn Child Protection Act, H.R. 3803, which would ban abortions
in the District of Columbia at 20 weeks.

The ACLU has a long history of defending reproductive freedom. The ACLU has
participated in nearly every critical case concerning reproductive rights to reach the Supreme
Court, and we routinely advocate in Congress and state legislatures for policies that promote
access to reproductive health care. We oppose H.R. 3803 because it is unconstitutional and
interferes in a woman’s most personal, private medical decisions, and unduly targets the
residents of the District of Columbia.

Every pregnancy is different. For many women and families, it is a joyous event.
However, none of us can presume to know what complications may arise during the pregnancy,
or all the circumstances surrounding a personal, medical decision to have an abortion. This is an
inherently private decision that must be made by a woman and her family, not the government,
and the United States Supreme Court has long recognized as much. In Roe v. Wade, the Court
specifically held that: (1) a state may never ban abortion prior to fetal viability; and (2) a state
may only ban abortion after viability if there are adequate exceptions to protect a woman's life
and health.' These principles have been repeatedly reaffirmed for more than three decades,” as
well they should. A woman should not be denied basic health care or the ability to make the best
decision for her circumstances just because some disagree with her decision. H.R. 3803 flouts
these basic rules.

In conflict with law, in disregard of medical science, and for reasons unrelated to
viability, H.R. 3803 unilaterally takes away a woman’s decision-making ability before viability
and fails to provide even adequate protection for a woman’s health. Banning abortions starting
at 20 weeks — which is a pre-viability stage of pregnancy — directly contradicts longstanding

1410 U.S. 113, 163-64 (1973).

2 Gonyales v. Carhart, 550 U.S. 124, 145 (2007) (“It must be stated at the outset and with clarity that Roe s cssential
holding, the holding we reaffirm, has three parts. First is a recognition of the right of a woman to choose to have an
abortion before viability and obtain it without undue interference from the State. Before viability, the State’s
interests are not strong enough to support a prohibition of abortion or the imposition of a substantial obstacle to the
woman's cffective right to clect the procedure.™). See also Planned Parenthood v. Cascy, 505 U.S. 833, 871 (1992)
(plurality opinion) (“The woman’s right to terminate her pregnancy before viability is the most central principle of
Roe v. Wade. TLis arule of law and a component of liberly we cannot renounce.”).
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precedent holding that a woman should “be free from unwarranted governmental intrusion”
when deciding whether to continue or terminate a pre-viability pregnancy.’

The Supreme Court has long been clear that a legislature cannot declare any one element
— “be it weeks of gestation or fetal weight or any other single factor — as the determinant” of
viability.”* Similarly here, the government cannot draw a line based on any single factor to
prohibit abortions. Thus, a 20-week ban on abortions, no matter the justification, is by definition
unconstitutional. In fact, a similar 20-week provision enacted by the Utah legislature has already
been struck down as unconstitutional by the United States Court of Appeals for the 10" Circuit
because it “unduly burden[ed] a woman’s right to choose to abort a nonviable fetus.”

Moreover, HR. 3803 provides only a single, exceedingly narrow, exception to its ban:
where the abortion is “necessary to save the life of a pregnant woman whose life is endangered
by a physical disorder, physical illness, or physical injury.”® Put differently, H.R. 3803 bans
abortions necessary to protect a woman’s health. Many things can go wrong during a pregnancy;
a woman'’s health could be at risk in ways that we cannot predict. Women may suffer blindness,
kidney failure, or permanent infertility because they were denied the care they need by this bill.
H.R. 3803 would force a woman and her doctor to wait until her condition was terminal to
finally act to protect her health, but by then it may be too late. Such a restriction is as
unconstitutional as it is cruel. 1t is longstanding precedent that restrictions on abortion post-
viability must have an exception to preserve a woman’s health.” This is all the more so true here
where the ban impermissibly applies pre-viability.

The disregard for women’s health displayed by H.R. 3803 knows almost no limit. Even
when a woman qualifies for the narrow life exception — that is, when her life is literally in peril —
H.R. 3803 goes out of its way to further tie her doctor’s hands. The bill dictates how the
pregnancy termination must be performed, even if such a method will put a woman’s health at
greater risk.® In other words, this bill disallows a doctor from choosing the method of abortion
that will best protect a woman’s health.

Tn addition to ignoring — indeed, sacrificing — women’s health, H.R. 3803 fails to take
into consideration the fatal fetal conditions that develop or are detected in mid or later
pregnancy. Consider the turmoil that Danielle Deaver suffered when her water broke months

* Casey, S05U.S. at 851.

" Colautli v. Franklin, 439 U.S. 379, 388-89 (1979),

fJat\c L. v. Bangerler, 102 F.3d 1112, 1118 (10th Cir. 1996).

© District of Columbia Pain-Capable Unborn Child Protection Act, HR. 3803, 112th Cong. § 3 (2012).

7 Casey, 505 U.S. at 879 (a post-viability ban must make an exception where an abortion is “necessary. in
appropriate medical judgment. for the preservation of the life or health” of the woman) (emphasis added), see also
Roe, 410 U.S. at 164-65,

¥ There are only two narrow exceptions to this provision: when such a method would pose greater risk of death ar
the substantial and irreversible physical impairment of a major bodily function,
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early at 22 weeks. She sped to the hospital, only to be told that her fetus had no chance of
survival — her lungs would never develop; she would never be able to breathe. Danielle and her
husband made the best decision for their family — to end the pregnancy and their own suffering,
and spare their baby any pain. Tragically for Danielle, the state of Nebraska had already enacted
an abortion ban similar to H.R. 3803, and her doctors were therefore not able to give her the care
she needed and so desperately sought. She was forced to sit and wait for 10 days until her body
finally expelled the pregnancy. In Danielle’s words: “There are no words for how awful the 10
days were from the moment my water broke to the day my daughter died. There are no words for
the heartbreak that cut deeper every time she moved inside of me for those 10 days.”’

Last, HR. 3803 impinges on the autonomy of the District of Columbia. This ban
tramples on the core concept of home rule. Although our Constitution gave Congress the
authority to establish a federal district, the District of Columbia, Senators and
Representatives holding widely divergent political views, finally recognized in 1973 that the
citizens of the District of Columbia had been denied the most basic privilege enjoyed by all
other Americans — the right to elect those men and women who would control their local
governments. They enacted the Home Rule Act to “grant to the inhabitants of the District of
Columbia powers of local self-government. .. and relieve Congress of the burden of
legislating upon essentially local District matters.” "

The 20 week ban is antithetical to the spirit of the Home Rule Act. Tt disenfranchises
and marginalizes the District’s leaders and residents. Through this provision, non-resident
Members of Congress impose their own ideology, morality or belief upon the District’s
residents and disregard the needs or wishes of the broader community or those directly
impacted. Members of the House who seek to impose this abortion ban and negate the will
of the District’s residents are not accountable to the people of the District.

We may not all agree on abortion, but we can all agree that it is important to support a
woman’s health and well-being. This bill is should be rejected, not just because it is
unconstitutional, but because it puts politics above a woman’s health. We urge the members of
the Subcommittee to oppose this dangerous bill.

? See Mathew Hendley, Nebraska Woman Lets Jan Brewer Know Proposed Abortion Bill Actually Affects People .
PHOENTX NEWS TIMES, April 5, 2012, aveailable ar
http://blogs.phoenixnewtimes.com/valleyfever/2012/04/nebraska_woman_lets_jan_brewer_[.php.

1% District of Columbia Home Rule Act, Pub. L. No. 93-198, 87 Stal, 774,777 (1973).

(5]
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May 17, 2012
Dear Members of the House Judiciary Subcommittee on the Constitution:

1 am writing regarding the testimony that has been submitted in support of H.R. 3803, the so-
called District of Columbia Pain-Capable Unborn Child Protection Act. As an obstetrician-
gynecologist with more than 20 years of experience providing both obstetric and complex
abortion care, I wish to set the record straight.

I direct Northwestern University’s Center for Family Planning & Contraception as well as its
academic Section of Family Planning. The medical center where I work performs nearly 13,000
deliveries annually. Most patients are healthy women having healthy babies, but I am frequently
asked to provide abortions for women confronting severely troubled pregnancies or their own
life-endangering health issues. Physicians who provide health care to women cannot choose to
ignore the more tragic consequences of human pregnancy—and neither should Congress.

The witnesses inaccurately claim that the gestational limits contained in the bill, defined as a
“probable post-fertilization age . . . of the unborn child [of] 20 weeks or greater” are not vague
because post-fertilization dating is as valid as LMP dating. This is incorrect. The common
reference point used by all clinical obstetric providers for dating a pregnancy—including
normative data for most obstetric ultrasound—is dating derived from or compared with a
woman'’s last menstruation period (LMP). This is because there is a relative amount of certainty
as to when a woman had her last period. Fertilization generally takes place between 2 - 4 weeks
after the last menstruation period. Although in an “ideal” cycle the assumption would be that
the fertilization occurred 2 weeks after LMP, the reality is that timing of ovulation can vary
between women and between cycles in an individual woman.

Because H.R. 3803 bases its language on post-fertilization dating, which physicians cannot
always definitively establish, physicians will be unable to determine whether or not they are in
violation of the law when treating women with many pregnancies earlier than 22 weeks LMP.
This is particularly true in those patients whose last menstrual period is uncertain or unverified
by early ultrasound. Even the witnesses establish post-fertilization dating in their testimony by
referencing LMP—they simply add two weeks to the LMP and state that it is the post-
fertilization date. Their assumption that “LMP + 2" is an accurate substitute for the post-
fertilization date is completely unfounded. Why would Congress accept language so clearly
unacceptable to the majority of obstetric providers throughout our nation?

Unfortunately, the language Congress uses has real implications for the health and well being of
my patients. The witnesses claim that abortion care is never necessary to save a woman'’s life and
cannot be instituted sooner than 36 hours. These claims are also untrue.
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The following portraits of the women I see illustrate just a few of the circumstances where
abortion saves women’s lives. In many of the cases we have saved women'’s lives through
immediate abortion with little or no cervical preparation:

One of my own obstetric patients carrying a desired pregnancy recently experienced
rupture of the amniotic sac at 20 weeks gestation. The patient had a complete placenta
previa, a condition where the afterbirth covers the opening to the uterus. Although the
patient hoped the pregnancy might continue, she began contracting and suddenly
hemorrhaged, losing nearly a liter of blood into her bed in a single gush. Since the
patient’s cervix had already dilated sufficiently, I was able to take this patient to the
operating room and perform an immediate dilation and evacuation procedure without
need for pre-operative cervical ripening. Had we not quickly intervened to terminate the
pregnancy, she would have bled to death, just as women do in countries with limited
access to obstetric services. Had we not performed an immediate dilation and evacuation
procedure, the patient would have required a procedure resembling a cesarean section—
but associated with far greater blood loss than a cesarean, greater maternal risk than most
cesareans and posing far greater risk to the patient’s subsequent pregnancies than most
cesarean sections. This abortion saved the patient’s life, protected her health and
protected the health of future pregnancies. She required no pre-operative cervical
preparation.

My service frequently receives referrals from Northwestern’s Division of Maternal Fetal
Medicine and other high risk pregnancy services throughout the Chicago area. One of
the more frequent reasons for referral is preterm rupture of membranes with
choricamnionitis, an intrauterine infection which can develop at any time during
pregnancy. Since antibiotics will not sufficiently penetrate the endometrial cavity
containing the baby, the treatment for this condition is to evacuate the uterus. If the
infection occurs at term, we deliver the baby. If the condition occurs before 24 weeks, we
must abort the pregnancy lest the patient become septic and die. Over my years of
practice, I have had many patients who would have died without access to abortion in this
situation. In many septic patients, the cervix begins to ripen permitting us to substantially
shorten traditional cervical ripening regimens or perform mechanical dilation with
immediate uterine evacuation. | cannot remember a case such as this that ever required 36
hours of cervical preparation.

My service often receives consults regarding patients with serious medical issues
complicating pregnancy. We recently had a 44-year-old patient whose pregnancy had
been complicated by a variety of non-specific symptoms. A CT scan obtained at 23 weeks
gestation revealed that the patient had lung cancer that had metastasized to her brain,
liver, and other organs. Her family confronted the difficult choice of terminating a
desired pregnancy or continuing the pregnancy knowing that the physiologic burden of
pregnancy and cancer might worsen her already poor prognosis. The family chose to
proceed with pregnancy termination.
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My service often receives referrals regarding unusual obstetric conditions because we
work at a tertiary care center. One complex condition referred to my service involved a
patient who had a twin gestation in which one of the embryos was a molar pregnancy.
Molar pregnancy is an abnormal pregnancy in which the embryo fails to develop—or
develops partially—and the placenta develops into grape like tissue clusters. The
abnormal placenta of molar gestation expands the uterine cavity and often causes severe
hemorrhage. Patients are also more likely to develop @ number of other medical problems
during their pregnancy including intractable nausea and vomiting and early onset
hypertensive disorders. Longer term, molar gestation places the patient at higher risk of
developing choriocarcinoma, a cancer in which placenta-like material spreads throughout
the body. Most molar gestations involve no embryo, but this patient had one normal twin
and one molar gestation. Although she was only 22 weeks gestation, her uterus already
approximated the size of a term pregnancy containing enough grape like clusters of
placenta to fill a milk crate. We admitted the patient to the intensive carc unit, obtained
10 units of blood in case severe bleeding occurred, and successfully terminated the
pregnancy. By intervening when we did, we preserved the patient’s life, her health, and
her ability to have children in the future.

My service sometimes sees patients who have received organ transplants or are awaiting
transplants. I remember one woman in her early twenties who had end stage alcoholic
cirrhosis of the liver. She had stopped using alcohol and successfully balanced school,
work, and frequent hospitalizations to deal with her severe liver disease and related
disorders. While awaiting a transplant, she conceived. She decided to terminate the
pregnancy rather than accept the risks to her life and health posed by continued gestation,
We have cared for other patients who chose to terminate while awaiting transplant or
after undergoing transplant of heart, liver, and other organs. Although some of these
patients might manage to continue pregnancies to term, each patient’s circumstance is
highly variable with unpredictable risk to life and health.

A colleague on my team recently took care of another patient with leukemia. We have
had many during my 17 years at Northwestern. Several years ago, we had three patients
with leukemia requiring pregnancy terminations at approximately the same time. Because
leukemia causes abnormal blood cells, patients with leukemia confront increased risk of
both bleeding and infection. Pregnancy compounds these risks, particulatly if they need
to receive ongoing chemotherapy during the pregnancy.

My service frequently sees patients with early pre-eclampsia, often referred to by the term
“toxemia”. Pre-eclampsia usually complicates later gestation, but occasionally complicates
pregnancy as early as 18 to 20 weeks, well before the fetus is viable. The only treatment
for severe pre-eclampsia is delivery. Otherwise, the condition will worsen, exposing the
mother to kidney failure, liver failure, stroke and death. One Christmas morning I had to
leave my own family so that I could provide a pregnancy termination for a remarkably
sick, pre-eclamptic teenager.
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Patients like those described above rarely knew that pregnancy could jeopardize their lives and
health. Some opposed “abortion”, even while they themselves were undergoing an abortion. Like
most tertiary obstetric centers, we receive referrals of such patients from within our own system
and throughout our metropolitan area. Some of the referrals come from providers or sectarian
institutions that ostensibly oppose abortion, but rely upon us as the “safety valve” to assure that
patients get the care they need and deserve.

We usually manage to intervene before a risk to health becomes a risk of life, but we do so
because the law currenty embraces patient and provider autonomy. What will obstetricians do
when the law criminalizes interventions needed to save the lives of our daughters, wives, and
mothers?

I hope our elected representatives will allow those of us who experience these circumstances on a
regular basis to set the record straight—and prevent the passage of legislation that would harm
women, families, and those who care for them.

Cassing Hammond, MD

Director, Section of Family Planning & Contraception
Associate Professor of Obstetrics & Gynecology
Northwestern Feinberg School of Medicine

Current Member and Immediate Past Chair
National Abortion Federation Board of Directors

NAF is the professional association of abortion providers in Novth America. Our members include
private and non-profit clinics, Planned Parenthood affiliates, women’s health centers, physicians’ offices,
and hospitals who fogether care for more than balf the women who choose abortion in the U.S. and
Canada each year. Qur members also include public hospitals and both public and private cfinics in
Mexzco City.

For more information, please contact NAF's public policy department at 202-667-5881.
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February 24, 2010

Judiciary Committee
Nebraska Legislature
Room 1103, State Capitol
Lincoln, Nebraska 68509

Re:  Constitutionality of LB 1103

Dear Judiciary Committee Members,

This letter explains why, based on the most current precedent of the United States
Supreme Court, it is my opinion that LB 1103, the Abortion Pain Prevention Act, i3
unconstitutional both because it impermissibly bans abortions prior to fetal viability and because
it fails to protect women’s health adequately.”

IR A Woman’s Congtitutional Right to Choose

For more than thirty-five years, the U.S. Supreme Court has recognized that the
constitutional rights to liberty and privacy extend to the decision of a woman to terminate her
pregnancy. The Court first reached this conclusion in the landmark decision of Roe v. Wade, 410
U.S. 113 (1973), where the Court specifically held that: (1) a state may not ban abortion prior to
fetal viability: and {2) a state may ban abortion after viability so long as there are exceptions to
protect the woman’s health and life. /d. at 163-64 (“If the State is interested in protecting fetal
life after viability, it may go so far as to proscribe abortion during that period, except when it is
necessary to preserve the life or health of the mother.”). The Court explained in Roe that
viability was that point in pregnancy when the fetus is “potentially able to live outside the
mother’s womb, albeit with artificial aid.” 7d. at 160.

In Planned Parenthood of Southeastern Pennsylvania v. Casey, 505 U.S. 833 (1992), the
Supreme Court reaffirmed these central tenets of Roe. Id. at 878-79. The plurality opinion,
joined by Justice Anthony Kennedy, specifically held that “viability marks the earliest point at
which the State’s interest in fetal life is constitutionally adequate to justify a legislative ban on
nontherapeutic abortions.” /d. at 860; see also id. at 870 (*“We conclude the line should be drawn

#1am the Douglas B, Maggs Professor Emeriius 21 fhuke Law School, where 1 am now on Jeave, and 4
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at viability, so that before that time the woman has a right to choose to terminate her
pregnancy.”).

The constitutional protection for a woman's decision to end her pregnancy derives from
the Due Process Clause of the Fourteenth Amendment to the Constitution. The Supreme Court
has consistently ruled that the Due Process Clause protects the right to “substantive liberties,”
including the right to “a realm of personal liberty which the government may not enter.” Casey,
505 U.S. at 847. Because of the inherently private nature of the “decision whether to bear or
beget a child,” the Supreme Court has recognized that individuals have the right to “be free from
unwarranted governmental intrusion” when deciding whether to continue or terminate a pre-
viability pregnancy. Casey, 505 U.S. at 851. This right to choose a pre-viability abortion
without undue interference from the government applies regardless of why the woman has
chosen to end her pregnancy and regardless of why the state might seek to restrict that choice.

LB 1103 violates these principles, as explained in more detail below, both because it bans
pre-viability abortions and because even if it applied only pos-viability, the narrow exceptions to
the ban fail to adequately protect a woman’s health.

1. LB 1103 is Unconstitutional Because It Bans Pre-Viability Abortions

In the years following Roe, the Supreme Court had numerous opportunities to reconsider
it decision both that states may not ban abortion prior to viability and what viability in this
context means. It has never wavered. For example, three years after Roe, in Planned
Parenthood of Central Missouri v. Danforth, 428 U.S. 52 (1976), the Court upheld a definition
of “viability” in a Missouri statute because it allowed for the necessary “flexibility of the term.”
Id. at 64. The Danforth Court specifically rejected the “contention that a specified number of
weeks in pregnancy must be fixed by statute as the point of viability.” Id. at 65. The Court
explained:

[1]t is not the proper function of the legislature or the courts to place viability,
which essentially is a medical concept, at a specific point in the gestation period.
The time when viability is achieved may vary with each pregnancy, and the
determination of whether a particular fetus is viable is, and must be, a matter for
the judgment of the responsible attending physician.

Id. at 64.

Three years after Danforth, in Colautti v. Franklin, 439 U.S. 379 (1979), the Court
considered a Pennsylvania law regulating post-viability abortion and reaffirmed both that
viability was the earliest point at which the state could ban abortion and that the determination of
viability must not be fixed in weeks, but rather is a matter to be left to the physician’s judgment.
The Court explained:

[Tlhis Court has stressed viability, has declared its determination to be a matter
for medical judgment, and has recognized that differing legal consequences ensue
upon the near and far sides of that point in the human gestation period. We
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reaffirm these principles. Viability is reached when, in the judgment of the
attending physician on the particular facts of the case before him, there is a
reasonable likelihood of the fetus’ sustained survival outside the womb, with or
without artificial support. Because this point may differ with each pregnancy,
neither the legislature nor the courts may proclaim one of the elements entering
into the ascertainment of viability — be it weeks of gestation or fetal weight or any
other single factor — as the determinant of when the State has a compelling
interest in the life or health of the fetus. Viability is the critical point.

Id. at 388-89.

A decade later, in Webster v. Reproductive Health Services, 492 U.S. 490 (1989), the
Court reiterated its holdings in Danforth and Colauii that the determination of viability is a
matter for the judgment of the attending physician. See id. at 516-17 (plurality): id. at 526-27
(O’Connor, J., concurring); id. at 545 n.6 (Blackmun, J., joined by Brennan, J., and Marshall, J.,
concurring and dissenting). And, as noted above, in Casey, the Court once again concluded that
“the line should be drawn at viability, so that before that time the woman has a right to choose to
terminate her pregnancy.” 505 U.S. at 870.

LB 1103 is in clear violation of these principles. It does not draw its line at viability — it
draws the line at 20 weeks after fertilization. As explained above, the Supreme Court has
specifically — and repeatedly — rejected the notion that abortion may be banned at a specific point
in pregnancy.’ Tnstead, it has always held that viability is the earliest point at which a ban may
apply — and that the determination of when viability is reached must be left to the physician.

Of perhaps particular note, Utah enacted an abortion statute similar to LB 1103 in 1991.
See Jane L. v. Bangerter, 102 F.3d 1112, 1114 (10th Cir. 1996) (considering statute that banned
most abortions after “20 weeks gestational age, measured from the date of conception”). The
Tenth Circuit struck down the law, ruling that Utah’s attempt to legislate the viability
determination, rather than permit physicians to exercise their judgment about viability, “is
directly contrary to the Supreme Court authority.” Jd. at 1115. The Tenth Circuit explained:

[TThe State made a deliberate decision to disregard controlling Supreme Court
precedent set out in Roe, Danforth, Colautti, and Webster, and to ignore the
Supreme Court’s repeated directive that viability is a matter for an attending
physician to determine. Tn our view, the State’s determination to define viability
in a manner specifically and repeatedly condemned by the Court evinces an intent
to prevent a woman from exercising her right to choose [a previability] abortion . .

. and it therefore imposes an unconstitutional undue burden on her right to
choose.

Id. at 1116-17 (footnote omitted).

" The point of viabilily cannot be legislaled with a number of weeks because il may dilTer with each pregnancy.
Nonetheless, a fetus is not “generally undersiood (o have achieved viability — meaning that there exists a realistic
potential for long-term survival outside the uterus [until] twenty-four weeks lmp or later.” Planned Parenthood
Fed'n of Am. v. Gonzales, 435 F.3d 1163, 1166 n.1 (9th Cir. 2006).
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A court looking at LB 1103 would have no choice but to reach the same conclusion as the
Tenth Circuit did — LB 1103 is in deliberate disregard of the Supreme Court’s longstanding
precedent, and therefore, unconstitutional.

111 LB 1103 is Unconstitutional Because it Threatens Women'’s Health

The only exception to LB 1103’s prohibition on performing an abortion after 20 weeks
from fertilization is if the woman “has a condition which so complicates her medical condition as
to necessitate the abortion . . . to avert her death or to avert serious risk of substantial and
irreversible physical impairment of a major bodily function.”

As is explained above, the Supreme Court has long held that after viability, a state may
prohibit abortion, but that prohibition must make exception for where abortion *“is necessary, in
appropriate medical judgment, for the preservation of the life or health” of the woman. Casey,
505 U.S. at 879 (emphasis added); see also Roe, 410 U.S. at 165.

‘While the Supreme Court has said that language similar to LB 1103’3 exception is an
adequate medical emergency exception for restrictions that delay abortions such as a 24-hour
waiting period or a parental consent requirement, Casey, 505 U.S. at 880, the Court has never
upheld similarly narrow language as an adequate health exception for a complete abortion ban
such as LB 1103. Furthermore, the medical emergency exception that the Supreme Court upheld
in Casey was not limited to “physical” health as LB 1103 is.

In fact, the Court has rejected the notion that the protection afforded to women’s health
by an abortion restriction may be so limited. See Doe v. Bolion, 410 U.S. 179, 192 (1973)
(“[Tlhe medical judgment may be exercised in the light of all factors — physical, emotional,
psychological, familial, and the woman's age — relevant to the well-being of the patient. All
these factors may relate to health.”); ¢f. Casey, 505 U.S. at 882 (“Tt cannot be questioned that
psychological well-being is a facet of health.”); Thornburgh v. ACOG, 476 U.S. 747, 768-69
(1986) {invalidating post-viabiliry abortion restriction because it placed pregnant women at
medical risk by failing to require maternal health to be the “physician’s paramount
consideration™); Women's Med. Prof I Corp. v. Voinovich, 911 F. Supp. 1051, 1080-81 (S8.D.
Ohio 1995) (holding post-viability abortion restriction unconstitutional because “a state may not
constitutionally limit the provision of abortions only to those situations in which a pregnant
woman’s physical health is threatened, because this impermissibly limits the physician’s
discretion to determine what measures are necessary to preserve her health”) (emphasis added),
aff'd on other grounds, 130 F.3d 187 (6th Cir. 1997).

Because LB 1103 allows abortions only if necessary “to avert serious risk of substantial
and irreversible physical impairment of a major bodily function,” it would be unconstitutional
even if it applied only post-viability (which it does not), because it does not allow all abortions
that may be necessary for the preservation of the health of the woman.
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TV.  The Supreme Court’s Decision in Gonzales v. Carhart Does Not Alter this Result

Tunderstand that some proponents of LB 1103 believe that the case law I have discussed
above is in doubt following the Supreme Court’s 2007 decision in Gonzales v. Carhart, 550 U.S.
124 (2007) (“Carhart IT”), which upheld the federal ban on “partial-birth abortion.” For the
following reasons, 1 do not believe that to be so.

First and foremost, the Court in Carhart IT did not overrule any of its previous precedent.
Indeed. the Court went to great lengths to explain why its decision to uphold the federal ban was
fully consistent with both Casey and its earlier ruling in Stenberg v. Carhart, 530 U.S. 914
(2000) (“Carhart "), which struck down a similar Nebraska law. See, e.g., Carhart I, 550 U.S.
at 146 (stating that the Court was “apply[ing]” the standard set forth in Casey); id. at 151-52
(differentiating the federal ban from the Nebraska ban upheld in Carhart I).

Moreover, while it is true that the federal partial-birth abortion ban does not contain an
exception to protect women'’s health, the Court was clear in Carhart I that it could uphold that
law only because it reached just one method of abortion. Central to the Court’s holding was the
fact that other methods of abortion remained available in all instances, and especially if a woman
needed an abortion to protect her health. The Court explained that Congress could ban one
method of abortion without a health exception “given the availability of other abortion
procedures that are considered to be safe alternatives.” 550 U.S. at 167; see also id. at 164
(“Alternatives are available to the prohibited procedure.”); id. at 165 (“Here the Act allows,
among other means, a commonly used and generally accepted method, so it does not construct a
substantial obstacle to the abortion right.”).

In contrast, LB 1103 bans all abortions after 20 weeks after fertilization — not just one
method. Therefore, if a woman needs an abortion to protect her health that does not meet the
bill’s narrow exception, she would not have a safe alternative to end her pregnancy, as Supreme
Court precedent — including Carhart IT — has required for more than thirty-five years.

The Carhart I Court’s treatment of the interests that a state may assert in order to justify
an abortion restriction has garnered much debate. However, that discussion does not alter LB
1103’s unconstitutionality. There is nothing in Carhart IT that suggests that a state can ban all
abortions at any point prior to viability — regardless of the interest it asserts in doing so. Nor did
the Court hold that a state could put forth an interest that would overcome the constitutional
protection required for women’s health.”

Finally, contrary to some suggestions, nothing in the recent changes to the composition of
the Court alters my conclusion. The decisions in both Carhart { and Carhart I were decided by
a vote of 5 to 4. In both cases, Justice Kennedy voted to uphold the ban on partial-birth abortion.
Therefore, Carhart I was consistent with his prior vote dissenting in Carharr I. However, as |
mentioned earlier, Justice Kennedy is also one of the members of the Court who joined the
plurality opinion in Casey, which LB 1103 clearly violates. Therefore, in order for the U.S.
Supreme Court to uphold LB 1103, Justice Kennedy would have to disavow his prior opinion in

? While there is nothing contrary to these principles in Justice Ginsburg’s dissent in Carhart II, the analysis would
be the same even il there were — il is axiomatic that dissenting opinions have no precedential lorce.
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Casey, something that T believe that he is unlikely to do, especially given the strong endorsement
of Casey in the majority opinion in Lawrence v. Texas, 539 U.S. 558 (2003) which Justice
Kennedy authored. See 539 U.S. at 573-74.

LR D

For all of these reasons, it is my opinion that the most recent and controlling precedent of
the United States Supreme Court leads to only one conclusion — LB 1103 is an unconstitutional
restriction on a woman’s right to choose, and would be found so by the federal courts.

Sincerely yours,

Libetn Hetlogen

Walter Dellinger
Former Acting Solicitor General
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The Center for Reproductive Rights respectfully submits the following testimony to the House
Judiciary Committee, Subcommittee on the Constitution. Since 1992, the Center for
Reproductive Rights has worked toward the time when the promise of reproductive freedom is
enshrined in law in the United States and throughout the world. We envision a world in which
every woman is free to decide whether and when to have children; every woman has access to
the best reproductive healthcare available; and every woman can make medical decisions without
coercion or discrimination. More simply put, we envision a world in which every woman
participates with full dignity as an equal member of society.

We urge this Subcommittee to vote against H.R. 3803, the so-called “District of Columbia Pain-
Capable Unborn Child Protection Act,” as it:

I Violates settled law that bans on abortion before viability and bans that do not protect
women’s health violate the Constitution;

Il Tramples on the autonomy of the residents and elected representatives of the District of
Columbia;

Il Would harshly penalize compassionate medical providers and subject them to a threat of
litigation;

IV.  Would ban virtually all abortions after 20 weeks gestation, regardless of the woman’s
circumstances; and

V. Is based on unproven claims that have no basis in medical science.

H.R. 3803 violates women'’s basic human rights by taking a deeply personal, medical decision
that should be made by a woman and her doctor and substituting the judgment of politicians.
Every pregnancy is different, and no one can presume to know all of the circumstances
surrounding the decision to have an abortion. It is cruel and degrading to women to give to the

1634 Eye Street, NW, Suite 550
Washington, DC 20006

Tel. 202 629 2657
www.reproductiverights.org
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government the power to make one sweeping rule that applies to all situations without regard for
individual circumstances. H.R. 3803 should be rejected as an attack on reproductive rights and
the District of Columbia’s right to self-government.

I.  THE ACT IS BLATANTLY UNCONSTITUTIONAL

The United States Constitution prohibits the government from enacting a law that bans abortion
prior to the point in pregnancy when a fetus is viable, and prohibits the government from
drawing a line at a particular gestational age to establish when viability begins." Although the
point of viability, “meaning [the] realistic potential for long-term survival outside the uterus,”
differs with each pregnancy, a fetus is not “generally understood to have achieved viability . . .
[until] twenty-four weeks Imp” or later.” The twenty week line in H.R. 3803 is at least two full
weeks before the “generally understood” advent of viability. By completely banning some pre-

viability abortions, H.R. 3803 directly conflicts with U.S. Supreme Court precedent on abortion.*

As the Supreme Court has said repeatedly, “viability marks the earliest point at which the State’s
interest in fetal life is constitutionally adequate to justify a legislative ban on nontherapeutic
abortions.”” The Supreme Court has never wavered from this position, despite numerous
opportunities to do so.

The Court has emphasized that “viability” is necessarily a “flexib[le] . . . term,” and that the
government cannof “place viability, which essentially is a medical concept, at a specific point in

! See Roe v. Wade, 41011.8. 113, 163-64 (1973). In Gonzales v. Carhart (“Carhart IT"), 550 11.8. 124 (2007), the
most recent Supreme Court case on abortion, the law at issuc did not ban abortions in general or abortions at any
particular point in pregnancy. Rather, it banned only one abortion procedure. Although the Supreme Court upheld
that law, the Court emphasized that safe alternative abortion procedures were available and explained that its
decision was fully consistent with past precedent. See, e.g., id. at 146 (stating that the decision is guided by the principle,
inter alia, that “|blefore viability, a State “may not prohibit any woman from making the ultimate decision to
terminate her pregnancy,”” quoting Casey).

2 Somelimes geslational age is measured using the date of the pregnant woman’s last menstrual period (Imp), which
would typically be two weeks prior Lo [ertilization. ITR. 3803 uses lerlilization as the beginning ol gestational
dating: 20 weeks post-fertilization is 22 weeks lmp.

3 Planned Parenthood Fed'n of dmerica v. Gonzales, 435 ¥.3d 1163, 1166 n.1 (9th Cir. 2006), rev 'd on other
grounds, Gonzales v. Carhart, 550 U.S. 124 (2007).

4 See also letter from Walter Dellinger, former Solicitor General of the United States, outlining why a state law with
similar provisions o ILR. 3803 15 unconstiutional (atlached).

>,

* Planned Parenthood of
should be drawn at viabilits
id. al 879.

S22 Pa. v. Casey, 505 U.S. 833, 860 (1992). see also id. at 870 (“We conclude the line
, 80 that before that time the woman has a right to choosc to terminate her pregnaney.™);




250

the gestation period.”® Moreover, because “[t]he time when viability is achieved may vary with
each pregnancy,”” the Court also has insisted that the determination of viability must be left to
the physician’s judgment.® H.R. 3803 directly contradicts these important constitutional
principles.

Notably, in 1996 the United States Court of Appeals for the Tenth Circuit struck down a Utah
statute that, like HR. 3803, banned abortion after twenty weeks gestation. Jane L. v. Bangerter,
102 F.3d 1112, 1114 (10th Cir. 1996). That court held that Utah’s attempt to legislate the
viability determination was “directly contrary to the Supreme Court authority,” and found that
the state’s “deliberate decision to disregard controlling Supreme Court precedent set out in Roe,
Danforth, Colautti, and Webster, and to ignore the Supreme Court’s repeated directive that
viability is a matter for an attending physician to determine” showed that the state intended “to
prevent a woman from exercising her right to choose [a previability] abortion” and imposed “an
unconstitutional undue burden on her right to choose.” 7d. at 1115-17 (footnote omitted).

H.R. 3803 is constitutionally infirm on other grounds as well, as it would allow a post-20 week
abortion in the District only if a woman’s /ife is in danger. The bill would prohibit physicians
from providing such abortions to women whose Aealth is placed at risk by the pregnancy --
leaving women with illness such as cancer, heart disease, or myriad other serious conditions
without the ability to get essential medical care. Since recognizing the constitutional right to
choose an abortion, the Supreme Court has consistently held that even though a state may ban
abortion affer viability, any such ban must make an exception when an abortion “is necessary, in
appropriate medical judgment, for the preservation of the life or health” of the woman.” Because

8 Planned Parenthood of Cenr. Mo. v. Danforth. 428 1).8. 52, 64 (1976).
1

8 Colautti v. Iranidin, 439 U.S. 379 (1979). “Viability is reached when, in the judgment of the attending physician
on the particular facts of the case before him. there is a reasonable likelihood of the fetus” sustained survival outside
the womb, with or without artificial support. Because this point may difler with each pregnancy, neither the
legislature nor the courts may proclaim one of the elements entering into the ascertainment of viability — be 1t weeks
of gestation or fetal weight or any other single [aclor — as the determinant of when the State has a compelling
interest in the life or health of the fetus. Viability is the critical poinl.” Jd. at 388-89; see also Casey, 505 U.S. al 870
(holding again that “the line should be drawn at viability, so that before that time the woman has a right to choose to
lerminate her pregnancy”), Webster v. Reprod. Iealth Servs., 492 U.S. 490 (1989) (holding that the determination of
viabilily 15 a matler for the judgment of the atlending physician); see id. at 516-17 (pluralily opinion); id. at 526-27
(O Connor, J., concurring); 7d. at 545 n.6 (Blackmun, I, joined by Brennan, J., and Marshall, J., concurring and
dissenting).

Y Roe, 410 U.S. at 165 (cmph:
410 1.8, 179,192 (1973) (“|'I'|he medical judgment may be exercised in the light of all factors — physical,
emobional, psychological, familial, and the woman's age — relevant o the well-being of the patient. All these faclors

3

sis added); Casey, 505 U.S. at 879 (quoting Roe, same). See also, e.g., Doe v. Bolion,
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H.R. 3803 allows abortions only if necessary “to save the life of a pregnant woman,” it would be
unconstitutional even if it applied only post-viabilily (which it does not), because it does not
allow abortions that may be necessary to preserve the health of the woman.

The Supreme Court’s 2007 decision in Gonzales v. Carhart, 550 U.S. 124 (2007) (“Carhart IT”)
did not change this. First, the Court in Carhart II expressly did not overrule any of its previous
precedent. See, e.g., Carhart 1, 550 U.S. at 146 (stating that the Court was “apply[ing]” the
standard set forth in C'asey). While the federal statute at issue in Carhart II does not contain an
exception to protect women’s health, the Court was clear that it could nonetheless uphold that
law because it reached just one method of abortion. Central to the Court’s holding was the fact
that other methods of abortion remained available in all instances. The Court explained that
Congress could ban one method of abortion without a health exception “given the availability of
other abortion procedures that are considered to be safe alternatives.” 550 U.S. at 167; see also
id. at 164 (“Alternatives are available to the prohibited procedure.”); id. at 165 (“Here the Act
allows, among other means, a commonly used and generally accepted method, so it does not
construct a substantial obstacle to the abortion right.”).

In contrast, H.R. 3803 bans a// abortions after 20 weeks after fertilization — not just one method.
Therefore, if a woman needs an abortion to protect her health, she would not have a safe
alternative that would permit her to end her pregnancy, as Supreme Court precedent has required
for nearly forty years.

.  THE ACT TRAMPLES ON THE RIGHTS OF D.C. RESIDENTS

HR. 3803 is unprecedented: it would be the first time that the U.S. Congress has arrogated to
itself the authority to prescribe rules of medical practice in one jurisdiction. The District of
Columbia has a duly elected City Council and Mayor, and it is the province of those officials to
consider and enact public policies governing D.C. residents. The sponsors of this bill ignore this
fact and instead insist on using the District as a testing ground for their extreme and callous anti-
choice agenda.

The 1973 Home Rule Act restored to the District of Columbia the basic democratic guarantee of
consent of the governed, with a few limited exceptions. Dictating medical decisions and
trampling the constitutional rights of D.C. women were not among those exceptions. While many

may relate to health.”). Casey, 505 U.S. at 882 (“It cannot be questioned that psychelogical well-being is a facet of
health.™); Women's Med. Prof’l Corp. v. Voinovich, 911 T Supp. 1051, 1080-81 (S.D. Ohio 1995) (post-viability
abortion restriction unconstitutional because “a state may not constitutionally limit the provision of abortions only to
impermissibly limits the

those situations in which a pregnant woman’s physical health is threatened, because this
physician’s discretion to determine what measures are necessary to preserve her health™) (emphasis added). aff"d on
other grounds, 130 F.3d 187 (6th Cir. 1997).
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anti-choice conservatives trumpet federalism and states’ rights in other contexts, they are all too
willing to set those principles aside and arrogantly impose cruel, dangerous and unconstitutional
restrictions on women in the District of Columbia. The sponsors of this bill would be outraged if
the United States Congress decided to reach into one of their districts — and no other — and
impose rules restricting the delivery of medical care in that district. And yet that is exactly what
they are doing to the District of Columbia.

IIl.  THE ACT WOULD HARSHLY PENALIZE DOCTORS AND THREATEN THEM
WITH LITIGATION

Under this bill, doctors could face two years in prison and fines of up to $250,000 for performing
abortions after 20 weeks gestation, regardless of the circumstances, and could also be sued by
their patients or their patients’ families. These doctors are trying to provide the most medically
appropriate care for their patients. As District resident Christy Zink explained in a statement
about her medically necessary abortion: “l am horrified to think that the doctors who
compassionately but objectively explained to us the prognosis and our options for medical
treatment, and the doctor who helped us terminate the pregnancy, would be prosecuted as
criminals under this law for providing basic medical care and expertise.” "

The bill also allows a woman’s husband, sibling, parent, and even any doctor who has ever
treated the woman for any condition, to sue to prevent her from getting an abortion. It is stunning
that Congress would even consider enacting legislation allowing someone else to sue a woman’s
doctor and to interfere with a decision to have a medical procedure that is a constitutionally
protected right.

TV. THE ACT CRUELLY DISREGARDS THE AGONIZING CTRCUMSTANCES
WOMEN FACE

HR. 3803 would ban virtually all abortions after 20 weeks gestation, regardless of the woman’s
circumstances. For example, some women will learn at this point in pregnancy that the fetus she
is carrying has severe abnormalities that make its survival highly unlikely or impossible; women
and their families need time to consult with medical specialists and consider all their options in
those difficult circumstances. This ban would impose an arbitrary and unnecessary deadline on
those women, and would prevent physicians from providing the best medical care.

Consider some examples of how this law would harm women and their families:

19 “Statement of Christy Zink on Harmful [mpact of HR 3803, liebruary 21, 2012, available at
hitp:/fprochoice org/mewsireleases/20120221 himl.
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e Christy Zink, who lives and works in Washington, D.C., and her husband were
devastated to learn, when Christy was 21 weeks pregnant, that their son was missing part
of his brain. Had he survived childbirth, he would have experienced near-constant
seizures and also near-constant pain. This bill would bar women in such tragic
circumstances from taking the time they need to weigh all of the relevant information and
ultimately make a difficult but compassionate decision to end the pregnancy.

e Tara Schleifer, a mother from Virginia, ended her pregnancy in the second trimester after
learning the fetus had congenital heart and bowel defects that would cause debilitating
pain and suffering. As reported, she “told the [Virginia] Education and Health Committee
that any pain inflicted by her recent abortion undoubtedly paled in comparison to what
her second child would have endured had he been brought into the world with myriad
health issues: a heart defect requiring multiple open-heart surgeries, Down Syndrome and
a bowel problem that would have required feeding through a tube. . . She ultimately
concluded that having the baby would not only subject him to more suffering, but would
leave the family financially and emotionally bankrupt and unfairly detract from the
parenting of 3-year-old son Isaac.”"

Every pregnancy is different. A one-size-fits-all ban callously ignores the very personal and
often difficult circumstances surrounding a woman’s decision to terminate a pregnancy. Women
should be assisted by doctors, not politicians, in deciding the care they need, and they should not
have those important decisions burdened by an arbitrary ticking clock.

V. THE ACT IS SCIENTIFICALLY UNSOUND

H.R.3803’s purported goal is to prevent fetal pain, but the “findings” in the bill deliberately
obfuscate what the science actually shows. Britain’s Royal College of Obstetricians and
Gynecologists (RCOG) concluded in 2010 that nerve connections in the fetal brain are not
sufficiently formed to allow pain perception before at least 24 weeks, and that pain is likely not
experienced until birth '

' <[ awmakers Narrowly Reject [.ate-Term Abortion 13an [n VA,” CBS/DC, lieb. 12, 2012, available at:
wiup/fwashington.chslocal com/2012/02/02/lawmakers-narrowlv-re|

ect-late-term-abortion-han-in-va/.

12 Available at hilp:/ivww reog.org uk/letl-awarenessreview research-and-recommendations-pracice.

6
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Members of the medical faculty at the University of California San Francisco (UCSF), after
reviewing the medical literature around fetal pain, also refute the key “findings” in H.R. 3803
and thus undercut the purported basis for this legislation.'”

CONCLUSION

H.R. 3803 is merely the latest attempt by opponents of women’s reproductive autonomy to put
the nation on a path back to an era of illegal, unsafe abortion. With this bill, they target women
of the District of Columbia, whose rights are regularly used as a political pawn, and seek to
impose draconian and cruel restrictions on those women’s most personal medical decisions. The
bill fails to take into account women’s individual circumstances, no matter how difficult, and
makes no exceptions for threats to women’s health. We urge the Subcommittee and the Congress
to soundly reject H.R. 3803.

'3 Letter to Alabama State Legislature from Philip Darney, MD, MSe, and Mark Rosen, MD, University of
California, San I'rancisco, March 30, 2011. The Alabama legislation and H.R. 3803 contain nearly identical
legislative findings.
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Testimony of Willie Parker, MD, MPH, MSc
Board Member, Physicians for Reproductive Choice and Health
House Judiciary Committee
Subcommittee on the Constitution
May 17, 2012

Physicians for Reproductive Choice and Health (PRCH) is a doctor-led
national advocacy organization that relies upon evidence-based medicine
to promote sound reproductive health policies. PRCH opposes H.R. 3803,
the “District of Columbia Pain-Capable Unborn Child Protection Act.” This
bill would ban abortion in the District of Columbia at 20 weeks after
fertilization. This measure is clearly unconstitutional’ and would harm
women's health. Moreover, the bill is incredibly disrespectful of women,
doctors, and the residents of the District of Columbia.

I am a board-certified obstetrician/gynecologist living and practicing
medicine in the District. I have worked with Planned Parenthood of
Metropolitan Washington, taught at the University of Hawaii John A.
Burns School of Medicine, and served as an Epidemic Intelligence Service
Officer with the Centers for Disease Control and Prevention. I received my
medical degree from the University of [owa, my master’s degree in public
health from the Harvard School of Public Health, and my master’s degree
in science in health services research from the University of Michigan,
where I also completed a fellowship in family planning. I have more than
20 years of experience in women'’s health and have served on the PRCH
board since 2007. I am pleased to submit this testimony in opposition to
H.R. 3803 on behalf of PRCH.

I. H.R. 3803 Would Deny Women Needed Medical Care

Most abortions in the United States are provided early in pregnancy;
roughly 12% of abortions occur at or after 13 weeks after a woman'’s last
menstrual period (LMP). Only 1.4% of abortions occur at or after 21 weeks
LMP.ii But some women will need abortion care later in pregnancy. H.R.
3803 would deny these women badly needed safe medical care.

While most women can look forward to a safe pregnancy, pregnancies can
go terribly wrong. I remember caring for a senior staff member of a U.S.
senator. At 23 1/2 weeks LMP, she discovered that her very desired
pregnancy was complicated by a deadly fetal anomaly. She and her
husband were distraught—this was their first child—but resolute that
abortion was the right decision for them. i
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The difficult circumstances described above are not uncommon for abortions after 20
weeks post-fertilization, where discovery of complications and decision-mnaking often
oceur. A physician in the PRCH network, Dr. Grace Shih in San Francisco, remembers
one ol her patients, whose water broke at 22 weeks LMP. Her pregnancy was doomed.
Her wish was to have an abortion, as safely and quickly as possible, so that she could
return home to her family and move forward.

Dr. Cat Cansino of Columbus, Ohio, cared for a patient whose pregnancy was diagnosed
with a lethal fetal anomaly incompatible with life, after several consultations with high-
risk obstetricians and neonatologists. Her patient shared with her how difficult it was to
decide on abortion and also how hard it would have been to continue a pregnancy
wondering when her baby would die while inside her.

Another physician, Dr. Aileen Gariepy of New Haven, Connecticut, took care of Angela,
a 25-year-old woman with a very wanted pregnancy. She had come to Dr. Gariepy for a
routine ultrasound at 23 weeks LMP. The ultrasound showed abnormalities, and later,
the fetus was diagnosed with a lethal form of fetal skeletal dysplasia, a fatal bone
disorder. Continuing the pregnancy would mean waiting for the fetus to die in utero,
during labor, or immediately after delivery. Angela and her partner felt that the most
compassionate thing to do was to end what they perceived as their baby's suffering and
their own.

H.R. 3803 takes away decision-making from DC women and their doctors and replaces
it with political judgment. Politicians should not insert their ideology into the most
personal decisions of a woman and her family.

II. H.R. 3803 Lacks Adequate Exceptions, Contains Onerous Reporting
Requirements, and Criminalizes Doctors’ Care

H.R. 3803 only has a narrow exception for the life of a woman, inadequate exceptions to
protect women’s health, and no exceptions for rape, incest, or fetal anomalies. Many
serious health conditions materialize or worsen later in pregnancy, such as placental
bleeding. PRCH’s consulting medical director, Dr. Anne Davis of New York, cared for a
mother of two who was 22 weeks pregnant LMP. She had been bleeding throughout her
pregnancy, but since this was a very 